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actly copied to the reaction products. 
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Description 

Technical Field 

s [0001] The present invention relates to methods for detecting mutations and polymorphisms in nucleotide sequences. 
Background Art 

[0002] Mutations in gene regions may cause mis-sense mutations accompanying changes in translated amino acids, 
10 silent mutations without any change in the amino acids, and frame shift mutations, wherein the translation frame is 
shifted due to deletion or Insertion of nucleotide(s). Non-sense mutations, wherein a stop codon is generated at incorrect 
location, are also included as mis-sense mutations. In addition, mutations in gene regions also have the potential of 
leading to gene translation abnormalities through splicing abnormalities and such. Many of these mutations, other than 
silent mutations, are accompanied by structural or functional changes in translated proteins. 
15 [0003] Moreover, abnormalities in expression regulatory regions have the risk of affecting the expression regulatory 
mechanism of proteins. 

[0004] Among differences in the nucleotide sequence of nucleic acids, mutations that are present at a frequency of 
1% or more in a certain population are particularly referred to as polymorphisms. A population refers to a population 
that can be distinguished by geographical isolation or subspecies. For example, even in the case of a mutation that 
20 occurs at a frequency of less than 1 % in Japanese, if that mutation is found at a frequency of 1 % or more among other 
races, it is not a mutation, but rather a polymorphism. 

[0005] Among these polymorphisms, polymorphisms due to insertion, deletion, or displacement of a single nucleotide 
are particularly referred to as single nucleotide polymorphisms (hereinafter, abbreviated as SNPs). SNPs are of high 
profile because these are mutations most frequently appearing in the human genome. 

25 [0006] Since polymorphisms are spread throughout a population at a fixed frequency, they are considered not to 
accompany any changes in phenotypes or only changes of such phenotypes that influence phenotypes called consti- 
tution, and not those that are particularly disadvantageous for survival (reproduction). For example, predispositions to 
typical adult diseases, such as diabetes, rheumatism, allergies, autoimmune diseases, obesity, and cancer, are sug- 
gested to be determined by polymorphisms when the disease is govemed by genetic characteristics. Further, drug 

30 metabolism, human leukocyte histocompatibility antigens (hereinafter abbreviated as HLA), and such are also govemed 
by polymorphisms. Moreover, the majority of these polymorphisms are revealed to be SNPs. 

[0007] Since polymorphisms have these characteristics, like the microsatellite polymorphisms, they are used to de- 
termine disease-associated genes by chromosome mapping, linkage analysis, and such. SNPs are present at a rate 
of one every 300 to 600 nucleotides. Thus, use of SNPs enables construction of a detailed map which is expected to 

35 facilitate gene determination. 

[0008] Moreover, much information is expected to be obtainable by gathering infonmation relating to polymorphism 
locations and fluctuations, and analyzing their correlation with certain phenotypes. For example, side effects of a drug 
may be prevented through the discovery of SNPs related to such side effects of the drug. By overcoming these side 
effects, numerous drugs whose practical application has been abandoned may be reevaluated as safe drugs. 

40 [0009] In the case of bacteria and viruses, the subtypes of hepatitis C virus (hereinafter abbreviated as HCV) and 
such are classifications based on the characteristics of a nucleotide sequence commonly found at a fixed ratio, and 
thus, these subtypes and such also can be considered as polymorphisms. Mutation analyses investigating the geno- 
types of such polymorphisms are referred to as typing. 

[0010] Therapeutic efficacy of a-interferon on HCV differs according to particular subtypes. Therefore, typing pro- 
45 vides important information useful in selecting methods for the treatment. Further, pathogens beside HCV, such as 
influenza virus, malaria pathogens, and Helicobacter pylori, are also demonstrated to be pathogens with different ther- 
apeutic efficacy according to the subtypes. Thus, typing provides important information for determining the mode of 
treatment for these pathogens, too. 

[001 1] In contrast to polymorphisms, mutations found at a ratio less than 1 % are mutations that do not spread through- 
50 out a population in the case of humans, and nearly all of them can be mentioned as mutations involved in some kind 
of disease. Specifically, these mutations correspond to those found in hereditary diseases. In addition, some of the 
mutations found in individuals are also associated with disease, such as mutations found in association with cancer 
and so on. The detection of such mutations provides decisive information in diagnosing the corresponding disease. 
[0012] Whether or not the nucleotide sequence of a certain gene differs from the predicted nucleotide sequence can 
55 be confirmed by hybridization of the complementary nucleotide sequence. More specifically, hybridization with a primer 
or probe is used. 

[0013] For example, PCR primers are only able to act as primers when the target nucleotide sequence has a nucle- 
otide sequence that is complementary to the primer. Based on this principle, a target nucleotide sequence can be 
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examined to determine whether or not it is complementary to the primer, using the PGR amplification product as an 
indicator However, there are several problems with this method of confirming nucleotide sequences t>ased on PGR. 
First, the checking mechanism of the nucleotide sequence by the primer is incomplete. Methods for detecting single 
nucleotide differences by amplification reaction of PGR methods have been considered (allele-specific PGR, Nucleic 

5 Acids Res. 17: p.2503. 1989; Genomics 5: p.535, 1989; J. Lab. Glin. Med. 114: p.105. 1989). However, as was reported 
by S. Kwok et al. (Nucleic Acids Res. 18: p.999, 1990), when using a primer with a single nucleotide difference, the 
reaction proceeds at at>out 0.1% to 85% (which differs depending on the difference in the sequence) per amplification 
cycle as compared with a completely complementary primer. In other words, complementary strand synthesis frequently 
occurs even if the nucleotide sequence is not completely complementary with the primer. Consequently, in order to 

io distinguish single nucleotide differences using allele-specific PGR, artificial insertion of another mismatch at another 
location has been shown to be necessary. However, in this case as well, conditions must be precisely set according 
to the sequence difference, which has not become a general technique. Thus, it is difFicult to identify single nucleotide 
differences, such as SNPs. by PGR under ordinary conditions. 

[0014] In other words, methods wherein nucleotide sequences with slight differences are detected based on hybrid- 
f5 ization of a complementary nucleotide sequence have the potential of being inaccurately detected. According to the 
PGR method, products formed by inaccurate detection do also function as complete templates, and thus, these products 
trigger an exponential amplification. The problem of using conventional PGR method to detect slight nucleotide se- 
quence is that, despite the possibility of inaccurate detection, a high degree of amplification occurs based on the 
inaccurate detection. 

20 [0015] The second problem of the PGR method Is that primers for only two regions can be configured due to the 
principle. Thus, when a plurality of genes composed of similar nucleotide sequences are present in the same sample, 
mutations and polymorphisms of the genes Is extremely difficult when, the presence or absence of amplification prod- 
ucts based on PGR is used an indicator. This is because the PGR reaction proceeds when the primer hybridizes to 
one of the genes, even if a gene with mutation exists in the sample. 

25 [0016] For example, a primer for detecting a mutation of a certain gene in a family gene, such as human GYP2G1 9, 
acts as a primer on other genes as well. Figure 6 depicts mutually similar nucleotide sequences found in the human 
GYP2G1 9 family. As suggested from the Figure, a primer for detecting mutation of a certain gene also acts as a primer 
for other genes of the wild type. Under such conditions, it is difficult to simultaneously identify the similar gene and 
detect the mutation with only two regions. 

30 [0017] To solve the two problems described above, so called PGR-dependent mutation detection techniques have 
been reported wherein the target gene is specifically amplified by PGR. and then the mutations are detected using a 
probe or primer. Among these techniques, the DNA chip method is a detection technique which is particulariy attracting 
attention. A large number of similar nucleotide sequences can be arranged in minute compartments on a DNA chip. 
By controlling the reaction environment of the fine spaces on the DNA chip, the presence or absence of hybridization 

35 based on slight differences of the nucleotide sequences can be detected. However, the reproducibility of analyzed data 
obtained using DNA chip is a major problem. The hybridization conditions on the DNA chip must be precisely set, due 
to the fine reaction spaces. In order to maintain a fixed level of reproducibility, sophisticated techniques and utmost 
caution are required. Moreover, since it is a PGR dependent technique, two steps are required; the high price of a DNA 
chip is a further problem that needs to be resolved. 

40 [0018] On the other hand, the Invader method (Mol. Diagn. 4: p.135, 1999) and the RGA method (Nat. Genet. 19: 
p.225. 1998) have been reported as examples of PG R-independent mutation detection techniques. However, the re- 
action specificity is dependent on the probe set of two adjacent regions for t>oth of these methods. As was pointed out 
with respect to PGR, It Is difficult to simultaneously Identify similar genes and detect mutations with only two regions. 
[0019] As has been described above, known methods for confirming nucleotide sequences have problems. For ex- 

45 ample, accurate identification of slight nucleotide sequences cannot be performed in a single step. Also, the methods 
encounter difficulty in simultaneously identifying similar genes and detecting mutations. Further, even if it is technically 
possible to identify similar genes and detect mutations, as with PGR-dependent technology, it is either difficult to main- 
tain accuracy or a complex procedure is required, due to the need for a plurality of steps. Finally, improvement in 
economic aspects is desired as well. 

50 

Disclosure of the Invention 

[0020] An object of the present Invention is to provide a novel reaction principle which simultaneously enables the 
identification of similar genes and the accurate detection of slight differences in nucleotide sequences. More specifically. 
55 the object of the present invention is to provide methods that allow detection of mutations and polymorphisms in a 
target nucleotide sequence by a nucleic acid synthesis method, wherein the nucleotide sequence in the target nucle- 
otide sequence can be repeatedly checked. 

[0021 ] The present inventors focused on the fact that a majority of primers do not hybridize with the target nucleotide 
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sequence, which is a problem in methods for confirming nucleotide sequence based on known nucleic acid amplification 
reactions. Specifically, a nucleotide sequence originating from a primer is directly used as a template for complementary 
strand synthesis in the PCR method. Thus, the mechanism for checking the target nucleotide sequence by primer 
hybridization In fact acts for only an extremely small portion of the overall reaction. The majority of the reaction proceeds 
s by hybridization of the primer to the complementary strand that has simply copied the nucleotide sequence of the 
primer. Such a system is far from checking the target nucleotide sequence. 

[0022] Therefore, the inventors contemplated that slight differences in a target nucleotide sequence could be accu- 
rately detected by utilizing a nucleic acid synthesis reaction which contains numerous steps of hybridization to the 
nucleotide sequence of the target nucleotide sequence. Then, the inventors discovered that a more precise checking 
10 mechanism for the target nucleotide sequence could be achieved by utilizing a 3 -end, at which complementary strand 
synthesis has been completed, as the origin of the next complementary strand synthesis, and completed the present 
invention. 

[0023] More specifically, a primer for nucleotide sequence identification was provided for the first time by comple- 
mentary strand synthesis, and the inventors discovered that a sophisticated checking mechanism could be realized, 
15 based on the nucleic acid synthesis method wherein the primer acts as the origin of complementary strand synthesis 
that uses itself as the template. This type of nucleic acid synthesis reaction has been already reported by the inventors 
of the present invention (Nucleic Acid Res. 2000, Vol. 28, No. 12, e63, WO 00/28082). The present Invention solved 
the above noted problems based on this nucleic acid synthesis method. More specifically, the present invention relates 
to methods for detecting mutations and/or polymorphisms, as well as reagent kits used therefore as follows: 

20 

[1 ] a method for detecting mutations and/or polymorphisms within a specific region of a target nucleotide sequence 
comprising the steps of: (1 ) incubating the following elements (a) to (e) under conditions that allow complementary 
strand synthesis, wherein second and first primers are used as origins; and (2) correlating the amount of the product 
synthesized by the complementary strand synthesis reaction, which uses the target nucleotide sequence as the 

25 template, with the presence of a mutation and/or polymorphism in the specific region, wherein the nucleotide 

sequence arranged on at least one of the 5 -ends of the second and first primer contains a nucleotide sequence 
that is complementary to the predicted nucleotide sequence of said specific region or the complementary strand 
thereof, and wherein the complementary strand, that is synthesized using the nucleotide sequence arranged on 
the 5'-end as the template and functions as the origin of complementary strand synthesis by annealing to the 

30 specific region or the complementary strand thereof, inhibits the complementary strand synthesis when the nucle- 

otide sequence that contains the specific region Is not a predicted one: 

(a) nucleic acid sample comprising a target nucleotide sequence; 

(b) DNA polymerase catalyzing complementary strand synthesis which includes strand displacement; 

35 (c) second primer, wherein the 3'-end of the second primer anneals to the 3*-side region of one of said target 

nucleotide sequence strands, and the 5'-side of the second primer includes a nucleotide sequence comple- 
mentary to the predicted nucleotide sequence that constitutes a region on the products of the complementary 
strand synthesis reaction that uses the primer as the origin; 

(d) first primer, wherein the 3'-end of the first primer anneals to the 3'-side region of the other said target 
^0 nucleotide sequence strand, and the 5'-side of the first primer includes a nucleotide sequence complementary 

to the predicted nucleotide sequence that constitutes a region on the products of the complementary strand 
synthesis reaction that uses the primer as the origin; and 

(e) nucleotide substrates; 

45 [2] the method of [1], wherein both of the nucleotide sequences arranged on the 5'-end of the second primer or 

first primer contain a nucleotide sequence that is complementary to the predicted nucleotide sequence of said 
specific region or the complementary strand thereof, and wherein the complementary strand, that is synthesized 
using the nucleotide sequence arranged on the 5'-end as the template and functions as the origin of complementary 
strand synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complemen- 

50 tary strand synthesis when the nucleotide sequence that contains the specific region is not a predicted one; 

[3] the method of [1], additionally comprising the following elements: 

(1) third primer, wherein the third primer serves as the origin of the complementary strand synthesis reaction 
wherein the 3*-slde of the annealing region of the first primer on the template functions as the origin; and, 
55 (2) fourth primer, wherein the fourth primer serves as the origin of the complementary strand synthesis reaction 

wherein the 3'-side of the annealing region of the second primer on the template functions as the origin; 

[4] the method of [1], wherein a gene comprising a nucleotide sequence similar to the nucleotide sequence of the 
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target nucleotide sequence is present in the same sample; 

[5] ttie method of [4], wherein a gene comprising a nucleotide sequence similar to the nucleotide sequence of the 
target nucleotide sequence is a family gene and/or a pseudogene; 

[6] the method of [5]. wherein the family gene and/or the pseudogene is any gene selected from the group consisting 
of the cytochrome P450 family, human leukocyte histocompatibility antigens, and platelet alloantigens; 
[7] the method of [1], wherein the polymorphism is a single nucleotide polymorphism; 

[8] the method of [1], wherein the target nucleotide sequence Is selected from the nucleotide sequences of genes 
from any pathogenic virus or pathogenic microorganism selected from the group consisting of hepatitis C virus, 
influenza virus, malaria, and Heiicobacter pyiori; 

[9] the method of [1], wherein the incubation is performed in the presence of a melting temperature regulator; 
[1 0] the method of [9], wherein the melting temperature regulator is at least one of the compounds selected from 
the group of betaine, proline, and dimethylsulfoxide; 
[11] the method of [1], wherein the nucleic acid sample Is double stranded; 

[12] the method of [1], wherein the method is carried out in the presence of a nucleic acid detector to detect the 
presence of a mutation and/or polymorphism based on a change in the signal of the detector; 
[13] the method of [1], wherein a nucleotide sequence derived from the same organism as the organism for which 
a mutation and/or polymorphism is to be detected, and which sequence Is confessed to include no mutation and/ 
or polymorphism, is used as an intemal standard, and the presence of a mutation and/or polymorphism is detected 
by comparing the amounts of synthesized products obtained using the nucleotide sequences as templates; 
[14] the method of [1], additionally comprising: 

(f) first loop primer, wherein the first loop primer provides a origin for complementary strand synthesis between 
a region originating from the first primer in the elongation product of the first primer and said arbitrary region 
for the first primer; and/or 

(g) second loop primer, wherein the second loop primer provides a origin for complementary strand synthesis 
between a region originating from the second primer in the elongation product of the second primer and said 
arbitrary region for the second primer; 

[15] the method of [1], when the nucleotide sequence that contains said specific region is not the predicted nucle- 
otide sequence, a mismatch occurs during annealing to the specific region or the complementary strand thereof 
in the second to the fourth nucleotide from the 3'-end of the complementary strand which Is synthesized using the 
nucleotide sequence arranged on the 5'-end of the first primer and/or second primer as the template; 
[1 6] a kit comprising the following elements for detecting a mutation and/or polymorphism of a specific region in a 
target nucleotide sequence, wherein a nucleotide sequence arranged on at least one of the 5'-ends of a second 
and first primer contains a nucleotide sequence complementary to the predicted nucleotide sequence of said spe- 
. cific region or the complementary strand thereof, wherein the complementary strand, that is synthesized using the 
nucleotide sequence arranged on this 5'-end as the template and functions as the origin of complementary strand 
synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complementary 
strand synthesis and when the nucleotide sequence that contains the specific region is not a predicted one: 

I) second primer, wherein the 3'-end of the second primer anneals to the 3 -side region of one of said target 
nucleotide sequence strands, and the 5'-side of the second primer includes a nucleotide sequence comple- 
mentary to the predicted nucleotide sequence that constitutes a region on the product of the complementary 
strand synthesis reaction that uses this primer as the origin; 

ii) first primer, wherein the 3*-end of the first primer anneals to the 3 -side region of the other said target nu- 
cleotide sequence strand, and, the 5'-side of the first primer includes a nucleotide sequence complementary 
to the predicted nucleotide sequence that contains a region on the product of the complementary strand syn- 
thesis reaction that uses the primer as the origin; 

iii) DNA polymerase catalyzing complementary strand synthesis which includes a strand displacement; and 

iv) nucleotide substrates; 

[17] the kit of [16] additionally comprising the following elements: 

v) third primer which serves as the origin of the complementary strand synthesis by annealing to the 3 -side 
of the first primer annealing region in the template; and 

vi) fourth primer which serves as the origin of the complementary strand synthesis by annealing to the 3*-side 
of the second primer annealing region in the template; 
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[18] the kit of [16] additionally comprising the elements of: 

vii) fifth primer amplifying an internal standard, wherein the 3'-end of the fifth primer anneals to the 3'-side 
region of one of the target nucleotide sequence strands of an internal standard, and the 5'-side of the fifth 

5 primer includes a nucleotide sequence complementary to a nucleotide sequence that contains an arbitrary 

region of a product of the complementary strand synthesis reaction that uses the primer as the origin; and 
iix) sixth primer amplifying an internal standard, wherein the 3'-end of the sixth primer anneals to the 3'-side 
region of one of the target nucleotide sequence strands of an internal standard, and the 5'-side of the sixth 
primer includes a nucleotide sequence complementary to the nucleotide sequence that contains a region of 

^0 a product of the complementary strand synthesis reaction that uses the primer as the origin; 

[19] the kit of [18] additionally comprising the elements of: 

ix) seventh primer that serves as the origin of the complementary strand synthesis by annealing to the 3'-side 
15 of the sixth primer annealing region in the template; and 

x) eighth primer that serves as the origin of the complementary strand synthesis by annealing to the 3'*side 
of the sixth primer annealing region in the template; 

[20] a method for detecting mutations and/or polymorphisms in a specific region of a target nucleotide sequence, 
20 wherein the nucleotide sequence arranged on at least one of the 5'-ends of a second and first primer contains a 

nucleotide sequence that is complementary to the predicted nucleotide sequence of said specific region or the 
complementary strand thereof, and wherein the complementary strand, that is synthesized using the nucleotide 
sequence arranged on the 5'-end as the template and functions as the origin of complementary strand synthesis 
by annealing to the specific region or the complementary strand thereof, inhibits the complementary strand syn- 
25 thesis when the nucleotide sequence that contains the specific region is not a predicted one, which method com- 

prises the steps of: 

a) annealing a first primer to a target nucleotide sequence to carry out a complementary strand synthesis 
reaction using the primer as the origin, wherein the 3'-end of the first primer anneals to a 3*-side region of one 

30 of said target nucleotide sequence strands, and the 5 -side of the first primer includes a nucleotide sequence 

complementary to the predicted nucleotide sequence that contains a region on the product of the complemen- 
tary strand synthesis reaction that uses the primer as the origin; 

b) putting the region, to be annealed with the second primer, in the elongation product of the first primer 
synthesized in step a) into a state allowing base pairing of the region to the second primer, annealing them to 

35 synthesize the complementary strand using the elongation product of the first primer as a template; wherein 

the 3'-end of the second primer anneals to the 3'-side region of the other said target nucleotide sequence 
strand, and the 5'-side of the second primer includes a nucleotide sequence complementary to the predicted 
nucleotide sequence that contains a region on the product of the complementary strand synthesis reaction 
that uses the primer as the origin; 

40 c) carrying out a complementary strand synthesis, using the elongation product of the second primer itself as 

a template, by annealing the 3'-end of the product with said predicted nucleotide sequence to the first primer 
in said elongation product; 

d) carrying out a complementary strand synthesis using the complementary strand synthesized in step c) itself 
as a template by. annealing the 3'-end of the complementary strand synthesized in step c) with said predicted 

^5 nucleotide sequence to the second primer in said elongation product; and 

e) correlating the amount of synthesized product obtained using the second primer as the origin with the 
presence of a mutation and/or polymorphism in the specific region; 

[21] the method of [20], wherein step b) comprises a step of converting the elongation product of the first primer 
50 to a single strand by displacement, which displacement is conducted by a complementary strand synthesis reaction 

using the third primer that uses the 3'-side of the region annealing to the first primer in the template as the origin; 
[22] the method of [20], wherein step c) comprises a step of converting the elongation product of the second primer 
to a single strand by displacement, which displacement is conducted by a complementary strand synthesis reaction 
using the fourth primer that uses the 3'-side of the region annealing to the second primer in the template as the 
55 origin; 

[23] the method of [20], wherein the nucleotide sequence arranged on at least one of the 5'-ends of the second 
and first primer contains a nucleotide sequence that is complementary to the predicted nucleotide sequence of 
said specific region or to the complementary strand thereof, and wherein the complementary strand, that is syn- 
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thesized using the nucleotide sequence arranged on the 5'-end as the template and functions as the origin of 
complementary strand synthesis by annealing to a specific region or the complementary strand thereof, inhibits 
the complementary strand synthesis when the nucleotide sequence that contains the specific region is not a pre- 
dicted one, which method additionally comprises the steps of: 

1 ) carrying out the complementary strand synthesis reaction of step (c) in the method of [20] by forming a loop 
forming region, that forms a base pair with a nucleotide sequence complementary to the 3*-end of the first 
primer, by annealing the 3'-end and the predicted nucleotide sequence within the elongation product of the 
second primer, and using the 3'-end of itself as the origin for the complementary strand synthesis; 

2) annealing the first primer to the loop forming region, and carrying out complementary strand synthesis using 
the first primer as the origin with DNA polymerase catalyzing complementary strand synthesis which includes 
a strand displacement; 

3) displacing the product elongated from its own 3'-end by a complementary strand synthesis reaction using 
a primer, that anneals to the loop forming region as the origin, to enable base pairing of the 3'-end and said 
predicted nucleotide sequence again; 

4) forming a single stranded nucleic acid by displacing the complementary strand synthesized using the loop 
forming region as the origin by annealing the 3'-«nd, that was put in a state to form a t>ase pair In step 3), to 
said predicted nucleotide sequence as the origin of the complementary strand synthesis to carry out a com- 
plementary strand synthesis reaction which uses itself as the template; 

5) forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 3'- 
end of the second primer, by annealing the 3'-end and said predicted nucleotide sequence for the second 
primer, and by complementary strand synthesis; 

6) annealing the second primer to the loop forming region, and carrying out a complementary strand synthesis 
using the second primer as the origin by DNA polymerase catalyzing complementary strand synthesis including 
a strand displacement; 

7) repeating steps 3) to 6); and 

8) following step 7) and/or in parallel with step 7), detecting the formation of a single stranded nucleic acid, in 
which the target nucleotide sequence and the complementary strand thereof are repeatedly linked, and cor- 
relating the amount of formed nucleic acids with a mutation and/or polymorphism; 

[24] the method of [23], additionally comprising the steps of : 

9) carrying out the complementary strand synthesis reaction using the single stranded nucleic acid formed in 
step 4) as the template by annealing the 3'-end thereof to said predicted nucleotide sequence for the second 
primer, forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to 
the .3'-end of the second primer, and using the 3'-end of itself as the origin for the complementary strand 
synthesis; 

.1 0) annealing the second primer to the loop forming region, which region was formed by annealing the 3'-end 
with its own said specific region, and carrying out complementary strand synthesis using the second primer 
as the origin by DNA polymerase catalyzing complementary strand synthesis which includes a strand dis- 
placement; 

11) displacing the product elongated firom its own 3'-end by a complementary strand synthesis reaction using 
a primer, that anneals to the loop forming region as the origin, to enable base pairing of the 3'-end and said 
predicted nucleotide sequence again; 

12) forming a single stranded nucleic acid by displacing the complementary strand synthesized using the loop 
forming region as the origin by annealing the 3'-end, that was put in a state to form a base pair in step 11 ), to 
said predicted nucleotide sequence as the origin of complementary strand synthesis to carry out a comple- 
mentary strand synthesis reaction which uses itself as the template; 

13) forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 
3*-end of the first primer, by annealing of the 3'-end and said predicted nucleotide sequence and carrying out 
complementary strand synthesis; 

14) annealing the first primer to the loop forming region, and carrying out a complementary strand synthesis 
using the first primer as the origin by DNA polymerase catalyzing complementary strand synthesis which 
includes strand displacement; 

15) repeating steps 11) to 14); and 

16) following step 15) and/or in parallel with step 15), detecting the formation of a single stranded nucleic acid, 
in which the target nucleotide sequence and the complementary strand thereof are repeatedly linked, and 
correlating the amount of formed nucleic acids with a mutation and/or polymorphism; 
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[25] the method of [24], additionally comprising the step of: 

17) fomiing a loop fonming region, that forms a base pair with a nucleotide sequence complementary to the 
3 -end of the first primer, by annealing the 3*-end of the single stranded nucleic acid formed in step 12) with 
s said predicted nucleic acid sequence on itself, and carrying out a complementary strand synthesis reaction 

using the 3'-end of itself as the origin and itself as the template; and 

[26] the method of [20], wherein the nucleotide sequence arranged on the 5'-end of both of the second primer and 
first primer contains a nucleotide sequence complementary to the predicted nucleotide sequence of said specific 
10 region or the complementary strand thereof, and wherein the complementary strand, that is synthesized using the 

nucleotide sequence arranged on the 5*-end as the template and functions as the origin of complementary strand 
synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complementary 
strand synthesis when the nucleotide sequence that contains the specific region is not a predicted one. 

IS [Definition of Terms] 

[0024] The following terms used in the present invention have respective meanings indicated below. 

[0025] Mutation: Herein, "mutation" refers to a difference in the nucleotide sequence of a nucleic acid that is observed 

among Individual organisms (including viruses) of the same origin. With respect to multicellular organisms, differences 

20 observed among organs, cells, and so on within an individual are also included as mutations. Mutations arise from 
point mutations, deletions, insertions, duplications, inversions, and translocations. Further, mutations may occur within 
gene regions (protein coding regions and intron sequences) or in expression regulatory regions, such as promoters 
and enhancers. Differences in nucleotide sequences found in other genomic sequences are also included in mutations. 
[0026] Polymorphism: Among the above mutations, those that are present at a frequency of 1% or more within a 

25 certain population are particulariy referred to as "polymorphisms". Among polymorphisms, polymorphisms consisting 
of displacement, insertion, or deletion of a single nucleotide are particularly referred to as single nucleic polymorphisms 
(or "SNPs"). 

[0027] Target nucleotide sequence: A "target nucleotide sequence" is a nucleotide sequence that contains one or 
more mutations or polymorphisms to be detected, and which comprises a region wherein the 3*-side is determined by 

30 a primer Hereinafter, tooth of the expressions "S'-side" and "3*-side" refer to a direction in the strand which serves as 
the template. More specifically, a nucleotide sequence surrounded by regions, that anneal with the primers of the 
present Invention, comprises the target nucleotide sequence of the present invention. In general, the nucleotide se- 
quence of a nucleic acid Is described from the 5'-slde to the 3'-side of the sense strand. Further, the target nucleotide 
sequence of the present Invention Includes not only the sense strand but also the nucleotide sequence of the comple- 

35 mentary strand thereof, i.e. the antisense strand. More specifically, the term "target nucleotide sequence" refers to at 
least to either of the nucleotide sequence to be synthesized or the complementary strand thereof. The target nucleotide 
sequence contains a specific region described below. 

[0028] Specific region: A "specific region" is a region contained in the above target nucleotide sequence and which 
includes the one or more mutations or polymorphisms to be detected. According to the detection method of the present 

40 invention, a complementary strand, to which a complementary strand to the nucleotide sequence predicted in the 
specific region is attached to the 5'-end, is synthesized. Further, the nucleotide sequence complementary to the specific 
region must be added so as to comprise the 5'-end of the synthesized complementary strand. 
[0029] Predicted nucleotide sequence: A "predicted nucleotide sequence" can be either a wild type nucleotide se- 
quence or a nucleotide sequence containing specific mutation(s). When a wild type nucleotide sequence is used as 

45 the predicted nucleotide sequence, the presence or absence of the wild type nucleotide sequence in the target nucle- 
otide sequence is detected, while the presence or absence of a nucleotide sequence containing specific mutations or 
polymorphisms is detected in the target nucleotide sequence by the nucleotide sequence of a specific mutation or 
polymorphism. 

[0030] 3'-end or 5'-end: The terms "3'-end" and "5'-end" do not refer to the nucleotide of either terminus, but rather, 
50 refer to a region located at the terminus that Includes the single terminal nucleotide. More specifically, 500 nucleotides, 
preferably 100 nucleotides, or at least 20 nucleotides from either terminus are included in the terms "3'-end" and "5- 
end". In contrast, in order to indicate a single terminal nucleotide or a nucleotide at a specific location present in the 
vicinity of a terminus, the numerical value of the location thereof is specified. 

[0031] Template and complementary strand: The term "template" as used in the present invention refers to nucleic 
55 acids that serves as a template in complementary strand synthesis. Although a complementary strand having a nucle- 
otide sequence that is complementary to a template is a strand corresponding to the template, the relationship between 
the two Is merely relative. Specifically, a strand synthesized as a complementary strand has the ability to function as 
a template. In other words, a complementary strand can also serve as a template. 
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[0032] Nucleic acid synthesis and amplification: Nucleic acid synthesis herein refers to the elongation of nucleic 
acids from an oligonucleotide which serves as the synthesis origin. A series of reactions including the continuous 
reaction of fomiation of other nucleic acids and elongation of the formed nucleic acids in addition to synthesis are 
collectively referred to as "amplification". 

[0033] Annealing: The terms "annealing" and "hybridization" refer to the fomnation of a double helix structure of 
nucleic acids by base pairing based on the Watson-Crick model. Thus, even if a base pairing of a nucleic acid strand 
is comp>osed of a single strand, the forming of a base pair by the complementary nucleotide sequences within a molecule 
is considered as annealing or hybridization. According to the present invention, annealing and hybridization are syn- 
onymous at the point that nucleic acids form a double helix structure due to t>ase pairing. When the 3'-end of the nucleic 
acid forming a base pair serves as the origin of complementary strand synthesis, it is particulariy referred to as an- 
nealing. However, this does not mean that a base pair formed by hybridization does not serve as an origin of comple- 
mentary strand synthesis. 

[0034] Substantially identical nucleotide sequence: A sequence is deemed "substantially identical" to the target se- 
quence when a complementary strand, that is synthesized using the sequence as a template, anneals to the target 
sequence and serves as the origin of complementary strand synthesis. The terms "identical" and "complementary" as 
used herein encompass cases that are not completely identical and not completely complementary. More specifically, 
an sequence identical to a certain sequence also includes a sequence complementary to a nucleotide sequence that 
can anneal to the certain sequence. On the other hand, a complementary sequence refers to a sequence that anneals 
under stringent conditions, and provides a 3*-end as the origin for complementary strand synthesis. More specifically, 
a nucleotide sequence that has an identity of typically 50% to 100%. normally 70% to 100%. and preferably 80% to 
100% to a certain nucleotide sequence is mentioned as a sequence that is substantially identical. Identity can be 
determined based on known algorithms such as BLAST. 

(Description of the principle] 

[0035] A nucleotide sequence in a specific region of a target nucleotide sequence is checked based on the principle 
as described below in the method for detecting mutations and polymorphisms of the present invention. First, the fol- 
lowing second primer and first primer are used in the present invention. Each of the second primer and first primer 
used in the present invention comprises at the 3'-end thereof, a nucleotide sequence that anneals to the 3*-side of a 
target nucleotide sequence, and, at the 5'-end thereof, a nucleotide sequence that Is complementary to an arbitrary 
regbn in the product elongated using the 3'-end of the primers as the origin. At least one of the nucleotide sequences 
arranged at the 5'-end of the primers Is designed so as to include a nucleotide sequence complementary to the predicted 
nucleotide sequence of said specific region or the complementary strand thereof, the nucleotide sequence of the 
complementary strand synthesized using the nucleotide sequence arranged on the 5'-end of the primer as the template 
is checked utilizing the inhibition of the complementary strand synthesis when the nucleotide sequence of the specific 
region is not the predicted one. The checking mechanism always works when the 3'-end anneals to the specific region 
(or the complementary strand thereof) and serves as the complementary strand synthesis origin. Thus, any difference 
appearing in a nucleotide sequence in the specific region can be detected cleariy as a difference in the amount of 
reaction product. 

[0036] To actually detect mutations and/or polymorphisms based on the reaction principle described above, for ex- 
ample, the following reaction can be used. Specifically, the present invention relates to a method for detecting mutations 
and/or polymorphisms in a specific region of a target nucleotide sequence, wherein the nucleotide sequence arranged 
on at least one of the 5*-ends of the second primer and first primer contains a nucleotide sequence that is complementary 
to the predicted nucleotide sequence of above-mentioned specific region or the complementary stand thereof, and 
wherein the complementary strand, that is synthesized using the nucleotide sequence arranged on the 5*-end as the 
template and functions as the origin of the complementary strand synthesis by annealing to the specific region or the 
complementary strand thereof, inhibits the complementary strand synthesis when the nucleotide sequence that con- 
tains the specific region is not a predicted one. which method comprises the steps of: 

(a) annealing the first primer to a target nucleotide sequence to carry out complementary strand synthesis using 
the primer as the origin, wherein the 3'-end of the first primer anneals to a 3'-side region of one of said two target 
nucleotide sequence strands, and the 5*-side of the first primer includes a nucleotide sequence that comprises a 
region on the products of the complementary strand synthesis that uses this primer as the origin; 

(b) putting the region, to be annealed with the second primer, in the elongation products of the first primer synthe- 
sized in the step (a) into a state allowing base pairing of the region to the second primer, annealing them to syn- 
thesize the complementary strand using the elongation product of the first primer as a template, wherein the 3*- 
end of the second primer anneals to the 3'-side region of the other sakJ target nucleotide sequence strand, and 
the 5 -side of the second primer includes a nucleotide sequence complementary to the predicted nucleotide se- 
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quence that comprises a region on the products of the complementary strand synthesis that uses the primer as 
the origin; 

(c) carrying out complementary strand synthesis using the elongation product of the second primer itself as a 
template by annealing the 3'-end of the products with said predicted nucleotide sequence to the first primer in said 

s elongation products; 

(d) carrying out complementary strand synthesis using the complementary strand synthesized in step c) itself as 
a template by annealing the 3*-end of the complementary strand synthesized In step (c) with said predicted nucle- 
otide sequence to the second primer in said elongation products; and 

(e) correlating the amount of synthesized products obtained using the second primer as the origin with the presence 
10 of mutations and/or polymorphisms in the specific region. 

[0037] In the present invention, the 3'-ends of the products elongated from the second primer and/or first primer 
anneal to the specific region on itself, and serve as origin of the complementary strand synthesis using the elongation 
products themselves as the templates. In this reaction, when the nucleotide sequence of the specific region is the 

15 predicted one, the complementary strand synthesis proceeds, using the 3-end as the origin. On the contrary, when 
the nucleotide sequence is not the predicted one, the 3'-end cannot serve as the complementary strand synthesis 
origin, and as a result the complementary strand synthesis is inhibited. Thus, the specific region can be determined 
whether it has a predicted nucleotide sequence or not, using products of the complementary strand synthesis as an 
index, in which synthesis the 3-end is used as the primer and the products themselves as the templates. 

20 [0038] The complementary strand synthesized In this step extends to its own 5-end to complete the extension. 
According to the present invention, the 5'-end of the template always contains a nucleotide sequence corresponding 
to that arranged on the 5'-end of the primer. That is, a nucleotide sequence complementary to an arbitrary region in 
the elongation products Is added to the 5'-end of the template. Thus, a nucleotide sequence annealing to the arbitrary 
region is reproduced on the 3*-end of the complementary strand synthesized using the elongation product as the tem- 

25 plate. Then, complementary strand synthesis starts again when the 3'-end and the arbitrary region, to which the 3 - 
end anneals, forms a base pair by certain means. 

[0039] According to the present invention, a nucleotide sequence complementary to a specific region on an elonga- 
tion product (or the complementary strand thereoO. which product is synthesized using the 3'-end of at least either of 
the second and first primers as the origin, is arranged on the 5'-end thereof. Hereinafter, a second or first primer 
30 containing the nucleotide sequence complementary to a specific region (or the complementary strand thereof) on the 
5'-end is particularly referred to as the checking primer in some cases. 

[0040] Thus, the 3-end of the elongation products, synthesized using the 5'-end of the checking primer as the tem- 
plate, checks the nucleotide sequence of the specific region (or the complementary strand thereof) every time it anneals 
to the specific region (or the complementary strand thereof). Thus, resumption of the complementary strand synthesis 

35 depends on whether the specific region contains the predicted nucleotide sequence or not. As is obvious from the 
above description, an important characteristic of the present invention is that the reaction of complementary strand 
synthesis, which proceeds using itself as the template, proceeds while the nucleotide sequence in the specific region 
is checked over and over again. Thus, even If a wrong product is generated in the complementary strand synthesis, 
the mechanism for checking errors in nucleotide sequences works in the next round of complementary strand synthesis, 

40 wherein the product is used as a template. As a result, complementary strand synthesis using the wrong product is 
inhibited in the subsequent round, and thus, "noises** resulting from erroneous synthesis of a complementary strand 
can be dramatically reduced according to the present invention. 

[0041] The reaction as described above, to actually detect mutations and/or polymorphisms based on the principle 
of the present invention, can be performed by merely incubating the following components under appropriate conditions. 
45 More specifically, the present Invention is a method for detecting mutations and/or polymorphisms using a check primer 
as at least one of a second primer or first primer comprising the steps of: incubating the following components (a) to 
(e) under conditions allowing complementary strand synthesis using the second and first primers as the origins; and 
correlating the amount of reaction products of the complementary strand synthesis using a target nucleotide sequence 
as the template to the presence of mutations and/or polymorphisms in the specific region: 

50 

(a) nucleic acid sample comprising a target nucleotide sequence; 

(b) DNA polymerase catalyzing complementary strand synthesis which includes strand displacement; 

(c) second primer: the 3'-end of the second primer anneals to the 3*-side region of one of said target nucleotide 
sequence strands, and the 5'-side of the second primer contains a nucleotide sequence complementary to the 

55 predicted nucleotide sequence that constitutes a region on the products of complementary strand synthesis that 

uses the primer as the origin; 

(d) first primer: the 3*-end of the first primer anneals to the 3*-side region of the other said target nucleotide sequence 
strand, and the 5'-side of the first primer contains a nucleotide sequence complementary to the predicted nucleotide 
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sequence that constitutes a region on the products of the complementary strand synthesis that uses the primer 

as the origin; 

(e) nucleotide substrates. 

5 [0042] The nucleic acid>amplification method using the second and first primers is the "LAMP method" previously 
reported by the present inventors (Nucleic Acid Res. 2000 Vol. 28, No. 12 e63; WO 00/28082). However, it is indeed 
a novel finding provided by the present invention that a highly accurate checking mechanism for nucleotide sequences 
is provided by the use of at least one of the primers, utilized in the LAMP method, as a checking primer in the method 
for detecting mutations and polymorphisms. 

10 [0043] A first primer, used in a reaction as described above, comprises regions as follows: 

X2: a region containing a nucleotide sequence complementary to X2c, which region determines the 3'-side of the 
target nucleotide sequence; and 

X1 c: a region located on the 5*-side of X2c mentioned above, and containing a nucleotide sequence complementary 
IS to the nucleotide sequence predicted In the region X1 which exists on the products elongated from the first primer. 

XI is a sequence of an arbitrary region on the elongation product of the first primer, which arbitrary region is located 
between the 3'-end of the first primer and the specific nucleotide sequence. XI c also includes regions having 
substantially the same nucleotide sequence as that predicted for the arbitrary region XI c. 

20 [0044] The principle of the reaction in the LAMP method and the application of the method to the present invention 
are described below with reference to Figures 1 to 4. In the description below, FA refers to the first primer and RA to 
the second primer. FA consists of F2 and F1c corresponding to the above-mentioned X2 and X1c, respectively. The 
Fic comprised in FA also contains those with a nucleotide sequence substantially the same as that of Fic. According 
to the present invention, for example, an arbitrarily selected region, such as F1 above, can anneal to a polynucleotide 

25 containing a nucleotide sequence complementary to the region, and so long as a complementary strand synthesized , - 

using the polynucleotide as the synthesis origin has the function required for the present invention the region can be 

selected from any arbitrary regions. ^ 
[0045] On the other hand, a primer consisting of R2 and R1c, corresponding to the above X2 and X1 c, respectively. ^ 
can be used as the second primer. RA, of the present invention. In this case, for example, when RA is used as the 
30 checking primer, R1c comprises the nucleotide sequence predicted for the specific region Ric containing mutations 
and/or polymorphisms to be detected in the elongation products from FA. and R2 comprises the nucleotide sequence 
complementary to the nucleotide sequence R2c, which constitutes the arbitrary region in the elongation products from 
FA. 

[0046] When using the checking primer, RA, for the detection method of the present Invention, FA can be also used 

35 as the other checking primer. During the reaction of complementary strand synthesis by the checking primer RA as 
described below, the 3'-end of elongation products from FA is always ready for base pairing, and thus, repeats the 
complementary strand synthesis reaction using the products themselves as the template. On the other hand, the elon- 
gation products from RA are also continuously generated as single strands. Further, like those from FA. the elongation 
products from RA also serve themselves as the template for complementary strand synthesis, due to its 3'-end. The 

40 checking mechanism for the nucleotide sequence of the elongation products from FA can t>e provided through use of 
a checking primer for FA in this reactk)n cycling. The checking mechanism provided for the nucleotide sequence in the 
specific region in complementary strand synthesis by the use of FA in the present invention proceeds according to the 
same principle as the nucleotide sequence-checking mechanism by the RA described above. Namely, the same prin- 
ciple Is employed for a complementary strand of a specific region. 

45 [0047] The reaction, in which checking primers are used as both of FA and RA. Is described below In more detail. 
The complementary strand synthesis using R1 as the origin [Figure 4-(9)] is inhibited when a checking primer Is em- 
ployed as RA. Likewise, the complementary strand synthesis using F1 as the origin [Figure 3-(8)] is inhibited when a 
checking primer is employed as FA. However, detection of minor differences in nucleotkle sequences utilizing the 
specificity of polynucleotide annealing is practically impossible as it has been for PGR. The same is also true for the 

50 reaction of the present invention. Even if the complementary strand synthesis is inhibited in the present invention when 
the specific region contains no predicted nucleotide sequence, it is realistic to assume that the reaction cannot be 
completely Inhibited. 

[0048] The case of complementary strand synthesis wherein the synthesis is not inhibited despite the fact that the 
specific region is not a predicted nucleotide sequence is discussed below. In Figures 1 to 4. F1 and R1c (or R1 and 
55 F1 c are separately illustrated. The reaction illustrated in these Figures represent reactions using a checking primer as 
either FA or RA. 

[0049] On the other hand, when checking primers are used as both FA and RA, a nucleotide sequence, that is 
complementary to a specific regbn, anneals to the strand from t>oth directions. Accordingly, at least a part of R1c, to 
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which R1 anneals, overlaps with F1 . Simultaneously, at least a part of Fic which is the complementary strand of F1 , 
overlaps with R1 . 

[0050] First, a complementary strand synthesis reaction using F1 as the origin [Figure 3-(8)], a reaction with an 
erroneous complementary strand synthesis, is discussed below. As the first step, R1 anneals to a specific region of 

s an erroneously synthesized elongation product, and then, a complementary strand is synthesized. A checking primer 
is provided as RA, and the 3'-end R1 , that is synthesized using RA as the template anneals to a region comprising the 
region which was originally the 3'-end of FA. Namely, the region comprises the predicted nucleotide sequence to pro- 
ceed the complementary strand synthesis without the checking function. However, when the complementary strand is 
synthesized to the 5'-end, the 3-end thereof is a complementary strand to the 5'-end of the checking primer FA. Thus, 

10 the checking mechanism functions by annealing the 3'-end of the synthesized complementary strand to the specific 
region. 

[0051] As described above, there are cases where the checking mechanism for RA does not function when the 
checking mechanism for FA functions in a reaction wherein checking primers are adopted as both FA and RA. However, 
the actual probability that RA and FA react in the order as indicated in Figures 1 to 4 is theoretically 1/2. when the 
IS target nucleotide sequence is a double-stranded nucleic acid. The remaining half of the reactions proceed in an order 
contrasting to that in Figures 1 to 4. More specifically, "R" must be read as "F" in Figures 1 to 4 to explain the remaining 
half of the reaction, because RA and FA respectively anneal to the two strands constituting the target nucleotide se- 
quence and the subsequent reaction proceeds in the same manner, 

[0052] Alternatively, in explaining the reaction of the present invention based on Figures 1 to 4, one can also state 
20 that RA (or FA) does not represent a specific primer annealing to either of the strands of the target nucleotide sequence. 
Namely, for the convenience of explanation, the Figures only explain the first annealed primer as RA. 
[0053] Accordingly, one can readily recognize the significance of the checking primer as not only FA but also RA. 
Specifically, since a similar checking mechanism as that for the complementary strand of FA as described above works 
on the complementary strand of RA, the more checking mechanism in the whole reaction system functions in total. 
25 Thus, the use of checking primers as both FA and RA is a preferred embodiment of the present invention. 

[0054] The checking mechanism based on the present invention is discussed in more detail below. In spite of using 
checking primers as both FA and RA in the present invention, it is theoretically true that there are some reactions 
wherein the checking mechanism of the present invention does network. Specifically, the 3'-end of an product elongated 
from a primer annealed to the loop portion adjacent to the region containing a nucleotide sequence originating from 
30 the S'-end of the checking primer anneals not to the specific region but to the nucleotide sequence originating from 
either of the primers. The checking mechanism does not work when the 3'-end anneals not to the specific region but 
to the nucleotide sequence originating from the primer However, according to the present invention, it is important that 
the checking mechanism functions many times until such a product, on which the checking mechanism does not work, 
is produced. 

35 [0055] Probability X where a product on which a checking mechanism does not function is produced is represented 
as A*^. Herein, A is the probability where the reaction proceeds, despite the specific region does not include the predicted 
nucleotide sequence; and n is the number of counts of the checking mechanism that worked prior to the generation of 
the product on which the checking mechanism has not worked. For example, even in the case where reaction products 
are generated without the checking mechanism at a rate of 5%, probability X is only 0.05^=0.000125 (0.01%) if the 

40 checking mechanism works 3 times. Namely, the risk can be reduced to about 1/500 compared to a case where the 
checking mechanism works only once. Thus, it is obvious that the probability generating the product, on which the 
checking mechanism has not worked, is markedly reduced in the present invention as compared with that in the reaction 
where the checking mechanism works only once. 

[0056] The above-mentioned target nucleotide sequence is a part or the whole of a detection subject or a nucleic 
45 acid derived from the detection subject. The target nucleotide sequence may be a single-stranded or double-stranded 
sequence. When it is a double-stranded nucleic acid, at least a part of the nucleotide sequences of the 3*-ends of 
respective strands that determine the target nucleotide sequence and the specific region within the target nucleotide 
sequence is already known or are predictable. Altematively, when the target nucleotide sequence is a single-stranded 
nucleic acid, at least a part of the nucleotide sequences that determines the 3'-side of the target nucleotide sequence. 
50 the nucleotide sequence of the 3 -side of the complementary strand, and that of the specific region within the target 
nucleotide sequence is already known or are predictable. The nucleotide sequence of the above-mentioned 3 -end 
X2c and the specific region XI c located on the 5'-side thereof are regions which nucleotide sequences should be 
determined. The specific region of the present invention comprises nucleotides which are potentially mutated and/or 
contain one or more polymorphisms. The checking primer of the present invention should be designed so that the 
55 complementary strand synthesis is inhibited when the nucleotide in the specific region, which nucleotide is potentially 
mutated and/or have polymorphism, differ from the predicted nucleotide. 

[0057] The checking primer of the present invention can be designed, for example, as follows. Specifically, when a 
complementary strand is synthesized using the checking primer as the template, the primer is designed so that the 
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adjacent region to the 3'-end of the synthesized complementary strand corresponds to the site complementary to the 
nucleotide residue, which is potentially mutated and/or have polymorphism. The complementary strand synthesis re- 
action of a nucleic acid is markedly inhibited when mismatches exist at the 3'-end, that serves as the complementary 
strand synthesis origin, or in adjacent regions thereto. More specifically, the reaction of complementary strand synthesis 
s is markedly inhibited when there are mismatches within a region 10 bases from the 3*-end, which serves as the com- 
plementary strand synthesis origin, particularly preferably 2 to 4 bases counted from the 3'-end, more preferably a 
mismatch of the 2nd or the 3rd nucleotide. Thus, it is preferable to design the 5'-side nucleotide sequence of the 
checking primer so as to induce mismatches at this part, due to the presence (or absence) of mutations and polymor- 
phisms to be detected in the present invention. 
10 [0058] According to the present invention, extensive amplification is not achieved when a reaction from the end 
structure of the product, that are produced at early stages of the reaction, is not repeated many times. Thus, even if 
erroneous synthesis occurs, extensive amplification will not be achieved with mismatches, because the complementary 
strand synthesis in the amplification is inhibited at some of the stages. As a result, the mismatches effectively suppress 
the amplification to give a correct result. Namely, the nucleic acid amplification according to the present invention has 
IS a nucleotide sequence checking-mechanism with a higher degree of perfection. These features give an advantage 
over methods, for example, such as PGR, wherein simply sequences between two regions are amplified. 
[0059] Further, the region XI c. which is characteristic of the primer used in the present invention, only serves as the 
origin when a complementary sequence is synthesized, and the complementary sequence anneals to the newly syn- 
thesized X1 within the same sequence to proceed the synthesis reaction using the strand itself as the template. There- 
to fore, the primer of the present invention are free from forming loops which is often a serious problem in prior arts even 
if a so-called primer dimer is generated. Accordingly, non-specific amplificatk)n due to a primer dimer does not occur 
in the present invention, which contributes to the improvement of the reaction specificity. 

[0060] The two regions, X2c and XI c (or X2 and X1 of the nucleic acid which serves as the target nucleotide se- 
quence), may be linked to each other or may exist separately. The state of the loop portion formed by self-annealing . 

25 of the product nucleic acid depends on the relative position of the two regions. Further, the two regions preferably are - 
not unnecessarily separated to achieve self-annealing of the product nucleic acid more preferentially than annealing 
of two molecules. Thus, a preferred length of the spacer nucleotide sequence between the two regions is typically 0 
to 500 nucleotides. However, In some cases, regions existing too close to each other may be disadvantageous for 
forming a desirable loop by self-annealing. More specifically, a structure that enables annealing of a new primer and - 

30 a smoothly start of complementary strand synthesis reaction which includes a strand displacement is desired for the 
loop. Thus, more preferably, the primers are designed so that the distance between the region X2c and the region XI c 
located on the 5'-side of X2c is 0 to 1 00 nucleotides, further preferably so that it is 10 to 70 nucleotides. The distance - 
values do not contain the lengths of XI c and X2. The nucleotide length of the loop portion further includes the length • 
corresponding to X2. 

35 [0061] The regions X2 and XI c constituting the primer used in the present invention are typically arranged continu- - 
ously without overiapping to each other to the nucleic acid comprising the above specific nucleotide sequence. Alter- 
natively, If X2 and X1c share a common nucleotide sequence, they may be placed so that they partiy overiap to each 
other. X2 should be placed at the 3*-end without exception to function as a primer. On the other hand. XI c is placed 
at the 5'-end as described below, to provide a function as a primer to the 3'-end of a complementary strand synthesized 

^0 using X1 c as the template. The complementary strand obtained using the primer as the synthesis origin serves as the 
template of the reverse complementary strand synthesis in the next step, and finally the primer portion is also copied 
as the template to the complementary strand. The copied 3'-end contains the nucleotide sequence X1 . and anneals 
to X1c located within the same strand to form a loop. Herein, when the primer at the 5'-end of the template is a checking 
primer, then XI c anneals to the specific region. 

45 [0062] The primer used in the present invention is an oligonucleotide that meets two requirements: (1) having the 
ability to form a complementary base pair, and (2) providing an -OH group at the 3*-end of the base pair that serves 
as the complementary strand synthesis origin. The backbone of the primer is not restricted to those composed of 
phosphodiester bonds. For example, the primer may be a phosphothioate. containing S instead of O as the backbone. 
Further, the nucleotide may be any nucleotide, so long as it forms a complementary base pair. In general, there are 

50 five types of naturally occurring nucleotides, namely A. C. T. G, and U; however, analogues such as bromodeoxyuridine, 
for example, are also Included. The oligonucleotide used In the present Invention serves not only as the synthesis 
origin but preferably acts also as the template of complementary strand synthesis. 

[0063] The primer used in the present invention consists of nucleotides with appropriate length to enable base pairing 
with the complementary strand by maintaining required specificity under a given condition in various types of nucleic 
55 acid synthesis reactions described below. Specifically, the primer comprises 5 to 200 nucleotides, and more preferably 
7 to 50 nucleotides. The minimal length of a primer recognized by known polymerases catalyzing sequence-dependent 
nucleic acid synthesis is around 5 nucleotides. Thus, the length of an annealing portton is preferably longer than 5 
nucleotides. In addition, to ensure the nudeotide-sequence specificity, the primer comprises typically 6 nucleotkies or 



13 



EP 1 231 281 A1 



more, preferably 7 nucleotides or more. On the other hand, an overlong nucleotide sequence is difficult to chemically 
synthesize. Thus, the above-mentioned length of primers are exemplified as the preferred range. The exemplified 
length of primers correspond only to the portion annealing to the complementary strand. As described below, the 
otigonucleotide of the present invention can independently anneal to at least two regions. Thus, the exemplified length 

5 of primers above should be understood as a length con'esponding to the length of each region constituting the primer. 
[0064] Further, the primer used in the present invention can be labeled with known labeling substances. Such labeling 
substances include ligands with binding capacity, such as digoxin and biotin; enzymes; fluorescent substances and 
luminescent substances; and radioisotopes. In addition, techniques are known for converting nucleotides in oligonu- 
cleotides to fluorescent analogues (WO 95/05391; Proc. Natl. Acad. Sci. USA, 91 , 6644-6648, 1994). 

10 [0065] Further, the primer used in the present invention can be immobilized on solid phase. Alternatively, an arbitrary 
portion of the primer may be labeled with a ligand that has binding capacity, such as biotin, and then can be indirectly 
immobilized via a binding partner, such as immobilized avidin. When an immobilized primer is used as the synthesis 
origin, the synthesized nucleic acid product is immobilized on a sold phase, and thus can be readily separated. The 
separated product may be detected by nucleic' acid-specific indicators or by further hybridizing a labeled probe. Alter- 

15 natively, a nucleic acid fragment of interest can be recovered by digesting the nucleic acid with an arbitrary restriction 
enzyme. 

[0066] The primer used in the present invention may contain regions additional to the above-mentioned two regions. 
X2 and XI c are placed at the 3 -end and 5'-end, respectively, and an arbitrary sequence can be placed between the 
two regions. Such arbitrary sequence includes, for example, a restriction enzyme recognition sequence, a promoter 

20 recognized by RNA polymerase, a DNA encoding ribozyme, etc. The single-stranded nucleic acid, synthesis product 
of the present invention, wherein complementary nucleotide sequences are altemately connected can be digested to 
two double-stranded nucleic acids with identical length by inserting a restriction enzyme recognition sequence. By 
Inserting a promoter sequence recognized by RNA polymerase, the synthesized product of the present invention can 
be transcribed into RNA using the product as the template. Furthermore, by additionally arranging a DNA encoding a 

25 ribozyme. it is possible to establish a self-cleaving system of the transcripts. All of the additional nucleotide sequences 
mentioned above function only when the sequences are formed to double stranded nucleic acids. Accordingly, these 
sequences do not function in the single-stranded nucleic acid of the present invention forming a loop. The additional 
sequences function for the first time only after the nucleic acid extension proceeds and the sequence anneals to a 
complementary nucleotide sequence without forming any loop. 

30 [0067] The above-mentioned reaction steps (a) to (f) of the present invention will be more specifically described 
below. 

[0068] First, complementary strand synthesis using the target nucleotide sequence as the template is performed 
using the first primer, which primer has the same sequence as that of an arbitrary region in the target nucleotide 
sequence at the 5'-side. Then, complementary strand synthesis with the second primer is conducted using the elon- 

35 gation product as the template. The region where the annealing of the primer occurs is put to a state ready for. base 
pairing to enable complementary strand synthesis with the second primer. Specifically, this can be achieved by a 
displacement which accompanies the complementary strand synthesis using a third primer, that anneals to a region 
of the target nucleotide sequence located on the 3'-side of the region where the first primer anneals, as the origin. 
According to the present invention, the third primer anneals to a region placed to the 3-slde where the first primer 

40 anneals, and serves as the origin of complementary strand synthesis which proceeds toward the region to which the 
first primer anneals. The step is catalyzed by a DNA polymerase catalyzing complementary strand synthesis which 
includes strand displacement. Moreover, products elongated from the first primer can be converted to single strands 
by methods such as heat-denaturation. 

[0069] Then, elongation products of the second primer initiate complementary strand synthesis using the 3'-end 
45 thereof as the primer and the products themselves as the template. A nucleotide sequence complementary to the 
predicted nucleotide sequence in the arbitrary region of the elongation products from the first primer will be added to 
the 5'-end of the first primer that was used as the template in the complementary strand synthesis using the second 
primer. Thus, substantially the same nucleotide sequence as that of the above-mentioned arbitrary region will be con- 
tained at the 3'-end of the elongation products from the second primer, which is produced using the first, primer as the 
50 template. 

[0070] During this step, the 3'-end of the elongation products from the second primer and the region to which the 3*- 
end anneals should be prepared ready for base pairing. Typically this step is achieved by converting the elongation 
products to single strands. Specifically, the elongation products are converted to single strands, for example, by a 
displacement associated to complementary strand synthesis using a fourth primer as the origin, which primer anneals 
55 to the 3'-side of the region where the second primer anneals. Herein, a primer for displacement, such as the third 
primer mentioned above and the fourth primer used in this step, is referred to as outer primer. 
[0071] The second primer contains on the 5'-end a nucleotide sequence complementary to a predicted nucleotide 
sequence within a specific region. Namely, the second primer is a checking primer. The complementary nucleotide 
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sequence is introduced by a primer. Therefore, a sequence synthesized using the second primer as the template 
contains at the 3*-end a nucleotide sequence complementary to its own specific region. Thus, the system stands ready 
to check the nucleotide sequence in the specific region. Then, the nucleotide sequence is actually "checked" in sub- 
sequent reaction step. 

5 [0072] The checking reaction for nucleotide sequences proceeds as follows. First, both of the 3'-end of the single- 
stranded polynucleotide synthesized above and the specific region are prepared ready for base pairing. This step is 
preferably achieved as follows. Specifically, the 3*-end is displaced via complementary strand synthesis using the loop 
forming region with a hairpin structure as the origin. 

[0073] According to a preferred embodiment of the present invention, a nucleotide sequence for loop formation is 
to placed between the complementary nucleotide sequences of the single-stranded polynucleotide. The sequence for 
loop formation is designated herein as loop forming sequence. The above-mentioned single-stranded polynucleotide 
substantially consists of complementary nucleotide sequences linked via the loop forming sequence. In general, a 
nucleotide sequence that does not dissociate to two or more molecules after the dissociation of base pairs is called a 
single strand, regardless of whether it still contains partial base pairing or not. Complementary nucleotide sequences 
15 can form base pairs even if they exist on the same strand. A product with intramolecullar base pairing, which can be 
obtained by allowing the atx>ve-mentloned single-stranded polynucleotide to form base pairs within the same strand, 
contains a double-stranded region and a loop portion without base pairing. 

[0074] Namely, the single-stranded polynucleotide can also be defined as a single-stranded nucleic acid which con- 
tains complementary nucleotide sequences annealing to each other in the same strand, and whose annealing products 

20 contains a loop without base pairing in the bent hinge portion thereof. Nucleotides with complementary nucleotide 
sequences can be annealed to the loop which is free from base pairing. The loop forming sequence can be an arbitrary 
nucleotide sequence. The loop forming sequence can form base pairs to initiate complementary strand synthesis for 
strand displacement, and preferably contains a sequence which can be distinguished from other nucleotide sequences 
to enable specific annealing. For example, in a preferred embodiment, the loop forming sequence contains a nucleotide 

25 sequence complementary to the first primer. Figure 5 depicts a schematic illustration wherein FA is annealed to the 
loop forming region. 

[0075] Complementary strand synthesis by annealing the first primer to the loop forming region displaces the hy- 
bridizing portion of the single-stranded polynucleotide to prepare the specific region and the 3'-end of the single-strand- 
ed polynucleotide ready for base pairing. The specific region and the 3'-end of the single-stranded polynucleotide 

30 anneal together and the 3'-end provides a 3'-OH serving as the origin of complementary strand synthesis. At this stage, 
the specific region wherein the nucleotide sequence should be checked is annealed to the 3'-end. Thus, when the 
nucleotide sequence in this region is the same as the predicted nucleotide sequence, complementary strand synthesis 
proceeds using the 3*-end as the origin. Altematively, when the sequence is not the predicted nucleotide sequence, 
the complementary strand synthesis is inhibited. 

35 [0076] A most important feature of the present invention is that the nucleotide sequence checking-mechanism func- 
tions over and over again in subsequent reactions by utilizing the LAMP method. For example, even if complementary 
strand synthesis proceeds despite the difference of the nucleotide sequence from the predicted one, the products of 
complementary strand synthesis reaction using the single-stranded polynucleotide of the present Invention as the 
template contains a strand at the 3*-end which is complementary to the specific region. The structure of the product 

40 does not change, even after repeating the complementary strand synthesis several times, due to the fact that the 
product itself has the predicted nucleotide sequence within a specific region of the 5'-end. On the other hand, the 
specific region to which the 3'-end anneals is copied using the target nucleotide sequence as the template, and there- 
fore, annealing of the two still contains the mismatches. Thus, inhibition further occurs in subsequent rounds including 
the second-round of the reaction. The nucleotide sequence checking-mechanism according to the present invention 

45 can be mentioned as a mechanism which minimizes the influence of erroneous complementary strand synthesis. 

[0077] As described above, a complementary strand synthesis reaction with a nucleotide sequence checking-mech- 
anism proceeds, when the synthesis is conducted in the presence of a target nucleotide sequence using a primer 
having a specific structure and DMA polymerase catalyzing, complementary strand synthesis which includes a strand 
displacement. As a result, continuous generation of the complementary strand synthesis products starts if the nucle- 

50 otide sequence of the specific region is the predicted nucleotide sequence. On the other hand, when the sequence is 
not the predicted nucleotide sequence, the complementary strand synthesis is markedly inhibited by the .nucleotide 
sequence checking mechanism of the present invention. Thus, when amplification products are detected after a fixed 
period of time, it can be concluded that the specific region in the sample has the predicted nucleotide sequence. 
[0078] A nucleic acid obtained by the complementary strand synthesis of the present invention is a nucleic acid that 

55 comprises alternately connected complementary nucleotide sequences on a single strand. According to the present 
invention, the quantity of the produced nucleic acid is correlated to the presence of the predicted nucleotide sequence 
in the specific region. Namely, the amount of nucleic acids with such conformation produced where the sequence of 
the specific region is not the predicted nucleotide sequence is reduced compared to the amount thereof where the 
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sequence is the predicted nucleotide sequence. As used herein, a nucleic acid comprising alternately connected com- 
plementary nucleotide sequences as a single strand used as an index refers to nucleic acids comprising two nucleotide 
sequences complementary to each other alternately connected on a single strand. 

[0079] The product of complementary strand synthesis can be detected by methods known in the art. For example. 

s the specific amplification products of the present invention can be detected as distinct band(s) by analyzing reaction 
solutions by get electrophoresis. The amplification products of the present Invention consist of a repeated conformation 
of a target nucleotide sequence and the complementary strand thereof as a unit. Electrophoresis of the products gives 
ladder-like bands lined with constant spacing. Alternatively, the process of complementary strand synthesis during the 
reaction can be also, monitored by known methods. For example, the accumulation of complementary strand synthesis 

10 products can be monitored as fluorescence intensity changes using a fluorescent dye specific to double-stranded 
nucleic acids, such as ethidium bromide and SYBR Green. An intemal standard as follows can be used: when the 
signal derived from the Intemal standard is enhanced or reaches plateau and the signal derived from the sample is 
not substantially enhanced, it Indicates that the specific region in the sample does not have the predicted nucleotide 
sequence. 

15 [0080] According to the detection method of the present invention, the amount of products synthesized by comple- 
mentary strand synthesis can be compared with that of the internal standard. For example, a nucleic acid, which is 
derived from the same nucleic acid sample but contains neither mutations nor polymorphic changes, can be used as 
the intemal standard. To analyze genomic nucleotide sequences, a genomic nucleotide sequence of which the exist- 
ence of neither mutations nor polymorphisms are known are used as the intemal standard. Alternatively, when the 

20 detection method of the present invention Is conducted using mRNA as the template, for example, a gene, which is 
expressed in a wide variety of cells at nearly the same level, can be used as the Intemal standard. Using the nucleotide 
sequence of any of these intemal standards as the target nucleotide sequence, the reaction of complementary strand 
synthesis is carried out under the same condition as in the present invention. The amount of the products is compared 
as a control with that from a nucleotide sequence which is the subject of the mutation detection. When the detected 

25 amount of the product is comparable to that of the internal standard, the nucleotide sequence of the specific region is 
confirmed to have the predicted nucleotide sequence. Conversely, when the nucleotide sequence of the specific region 
is not the predicted one, the amount of the products of the complementary strand synthesis is smaller than that of the 
intemal standard. 

[0081] Further, when unexpectedly no product of complementary strand synthesis for the intemal standard can be 
30 detected or when the amount of the detected product is smaller than expected, trouble in the reaction itself is suspected. 
In most cases, the reaction of an intemal standard is conducted in the same reaction solution as the primers to be 
tested. However, the intemal standard can be assayed separately in the present invention, so long as the reaction is 
carried out using the same sample under an identical condition. For example, even when the standard and the sample 
nucleic acid is assayed using an identical sample in a first reaction system and second reaction system, respectively, 
35 the standard is called intemal standard. 

[0082] According to the present invention, the number of complementary nucleotide sequences in the synthesized 
nucleic acid is at least a single pair when the specific region contains the predicted nucleotide sequence. According 
to a preferred embodiment of the present invention, the number is sometimes integral multiples. In such cases, there 
is theoretically no upper limit on the number of pairs of complementary nucleotide sequences in the above-mentioned 
40 nucleic acid of the present invention. When the nucleic acid synthesized as the product of the present invention consist 
of multiple pairsof complementary nucleotide sequences, the nucleic acid consists of a repetition of identical nucleotide 
sequence. Needless to say, the reaction products may include those pre-maturely terminated without reaching the 5'- 
end during the reaction of complementary strand synthesis along the template. 

[0083] The nucleic' acid comprising complementary nucleotide sequences altemately connected as a single strand, 
45 which is synthesized according to the present invention, does not always have to have the same structure as that of 
natural nucleic acids. A nucleic acid derivative is known to be synthesized by the use of nucleotide derivatives as a 
substrate in nucleic acid synthesis with DNA polymerase. Such nucleotide derivatives include nucleotides labeled with 
radioisotope and nucleotide' derivatives labeled with a ligand with binding capacity, such as biotin and digoxin. Labeling 
of nucleic acid derivatives as the products can be achieved using such nucleotide derivatives. Alternatively, the product 
so can be obtained as a fluorescent nucleic acid derivative using a fluorescent nucleotide as a substrate. Further, the 
product may be DNA or RNA. Whether DNA or RNA is produced depends on the combination of primer structure, type 
of polymerization substrate, and type of polymerization reagent used in the nucleic acid polymerization. 
[0084] The nucleic acids used in the present invention may be DNA, RNA, or chimeric molecules thereof. The nucleic 
acids may be natural nucleic acids, as well as artificially synthesized nucleic acids. Further, nucleotide derivatives 
55 having partially or completely artificial structure are also included in the nucleic acids of the present invention, so long 
as it can form base pairs or function as a template in complementary strand synthesis. There is no limitation on the 
number of nucleotides in the nucleic acid of the present invention. The term nucleic acid is equivalent to the term 
polynucleotide. On the other hand, the term oligonucleotide herein especially refers to polynucleotides with smaller 
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number of nucleotides among polynucleotides. Typically, the temi oligonucleotide refers to polynucleotides containing 
2 to 100 nucleotide residues, more typically ak)Out 2 to 50 nucleotide residues, but is not limited thereto. 
[0085] The detection method of the present invention can be used for all types of nucleic acids. Specifically, for 
example, such nucleic acids include genomic DNAs of prokaryotic and eukaryotic cells; viral genome DNA and RNA; 

5 genomes of intracellular parasites, such as Mycoplasma and Rickettsia; cDNAs converted from mRNAs derived from 
these species; libraries constructed from these gene sources; clones isolated from the libraries; and so on. When the 
gene tested for mutations and polymorphic changes is RNA, it can be converted to cDNA using a DNA polymerase 
with reverse transcriptase activity. The nucleic acid used as a sample of the present invention Is generally contained 
in a biological sample. Such biological samples include tissues of animals and plants, cells of microorganisms, cells, 

10 cultures, excrements, and extracts thereof. According to the present invention, nucleic acids contained in these bio- 
logical samples derived from organisms, and those originating from infectious parasites, microorganisms, and viruses 
living in the organisms as hosts can be used as the subject of detection. The nucleic acid of the present invention can 
be also derived from the nucleic acids in the above-mentioned biological samples. For example, cDNA synthesized 
from mRNA and nucleic acid amplified from a nucleic acid derived from a biological sample can be used as a sample 

15 in the detection method of the present Invention. These genes can be used as samples in the detection method of the 
present invention, after denaturation to single strands, or kept double-stranded as follows. 

[0086] A nucleic acid containing the target nucleotide sequence of the present invention can be used as the sample, 
In the form of a double strand, when it is incubated under a condition suitable for primer annealing and for comple- 
mentary strand synthesis using the primer as the origin. In general, the step of conversion to single strands by dena- 
20 turation is required to analyze a nucleic acid sample by hybridization to a probe or primer. However, the present in- 
ventors have discovered that the step of conversion to complete single strands can be omitted during complementary 
strand synthesis from a primer under conditions wherein double-stranded nucleic acids are destabilized (Japanese 
Patent Application No. 2000-111939 filed April 7, 2000). 

[0087] Specifically, efficient complementary strand synthesis is difficult under a condition wherein double-stranded 
25 nucleic acids are destabilized alone, but by combining the synthesis with nucleic acid amplification reaction which -.. 
originally proceeds under an isothermal condition, amplifrcation with a similar efficiency as that achieved using single- 
stranded nucleic acid templates is enabled. The nucleic acid amplification method applicable to the present invention 
proceeds isothermally when the used template nucleic acids are single-stranded. The method is based on the principle 
of reaction cycling of complementary strand synthesis under an isothermal condition consisting of the steps of self- 
30 annealing and subsequent complementary strand synthesis, and the renewed primer annealing to the loop and the 
subsequent complementary strand synthesis using DNA polymerase catalyzing complementary strand synthesis which 
comprises strand displacement. Thus, according to the present invention, a double-stranded nucleic acid can be used . > 
as the target nucleotide sequence. 

[0088] Methods for detecting mutations and polymorphisms using a double-stranded nucleic acid directly as a tem- . 

35 plate according to the present invention are described herein. The following description explains the process of com- - 
plementary strand synthesis initiated when the nucleotide sequence of the specific region is the predicted nucleotide 
sequence. When the nucleotide sequence in the specific region differs from the predicted nucleotide sequence, a step ^ 
inhibiting the reaction of complementary strand synthesis that proceeds using the strand itself as the template after 
the 3'-end of the strand itself anneals to the specific region, is incorporated into some types of reactions of comple- 

40 mentary strand synthesis described below. 

[0089] The double-stranded nucleic acid of the present invention includes, for example, cDNA and genome DNA. In 
addition, various vectors in which these DNAs have been inserted can be also used as the double-stranded nucleic 
acid of the present invention. The double-stranded nucleic acid of the present invention may be purified or crude nucleic 
acids. Moreover, the method of the present invention are also applicable to nucleic acid in cells (in situ), in-situ genomic 

45 analysis can be achieved using the double-stranded nucleic acid in cells as the template. 

[0090] When a cDNA is used as the template in the present invention, the step of cDNA synthesis and the method 
of nuciek: acki synthesis according to the present invention can be carried out under the same conditions. When first 
strand synthesis of cDNA is carried out using RNA as the template, a double-stranded nucleic acid of DNA-RNA hybrid 
is formed. The method for synthesizing nucleic acids can be conducted using the double-stranded nucleic acid as the 

so template of the present invention. When the DNA polymerase used in the method for synthesizing the nucleic acid of 
the present invention has a reverse transcriptase activity, the nucleic acid synthesis can be achieved using a single 
enzyme under the same condition. For example, Bca DNA polymerase is a DNA polymerase having strand-replacing 
activity as well as reverse transcriptase activity. As a matter of course, the method for synthesizing nucleic acids ac- 
cording to the present invention can be also used after the formation of complete double-stranded cDNA by the second 

55 Strand synthesis. 

[0091] A polymerase catalyzing complementary strand synthesis which comprises strand displacement is used to 
detect mutations and polymorphisms according to the present invention. The same type of polymerases as those used 
for SDA and such can be used as the DNA polymerase of the present invention. A specific polymerase which synthe- 
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sizes complementary strands by replacing the double-stranded region at the S'-side of the template, if any double 
stranded region exists oh the template, during complementary strand synthesis using a primer complementary to a 
region at the 3'-side of a certain nucleotide sequence as the synthesis origin is known in the art. The 5'-side of the 
template represents a region located at the 3'-side of the primer. Thus, the 5 -side of the template Is the direction to 
which the reaction of complementary strand synthesis proceeds. According to the present invention, substrates re- 
quired for complementary strand synthesis are further added. 

[0092] An arbitrary primer is mixed with the double-stranded nucleic acid in the present invention, and the mixture 
is incubated under a condition ensuring the complementary strand synthesis using the primer as the origin. The arbitrary 
primer of the present invention is used to allow the region to which FA will anneal to become ready for base pairing. 
Thus, the arbitrary primer is required to have the ability to anneal to the complementary strand of the nucleotide strand, 
to which FA anneals, of the template double-stranded nucleic acid. Further, the strand extension in the complementary 
strand synthesis using the arbitrary primer of the present invention as the replication origin should proceed toward the 
region to which FA anneals. In other words, the primer can anneal to an arbitrary portion of the region, which region 
serves as the template in a complementary strand synthesis using FA as the origin. The arbitrary primer can be selected 
from arbitrary regions so long as it meets the criterion. For example, an outer primer (described hereinafter), which 
anneals on the 3 -side of RA or the region where RA anneals within the template, can be also used as the arbitrary 
primer. The use of the outer primer is one of the preferred embodiments of the present invention, due to the reduced 
number of necessary reaction components. 

[0093] Base pairing with FA can be ensured by displacing one of the two strands of the double-stranded nucleic acid 
in complementary strand synthesis using the arbitrary primer as the origin. By choosing such a condition, the method 
of the present invention can be conducted without changing temperature even when a double-stranded nucleic acid 
is used as the sample. A condition which ensures the annealing of the arbitrary primer and double-stranded nucleic 
acid, and complementary strand synthesis using this primer as the origin, is practically a condition where the following 
multiple steps can be achieved without changing the reaction condition: 

i) annealing of the primer to a double-stranded nucleic acid template; and 

ii) proceeding with complementary strand synthesis using the annealing primer as the replication origin. 

[0094] In general, it was believed that a primer could anneal to a nucleic acid strand only if the region to which the 
primer anneals is single-stranded. Thus, when a double-stranded nucleic acid is used as a template, the nucleic acid 
has previously been subjected to a step to convert the nucleic acid to single strands by denaturation prior to the primer 
annealing. However, the primer annealing can be achieved by incubating the template with the primer under a condition 
where the double strand is destabilized by a certain means without completely converting the double stand to single 
strands. A condition under which the double stranded nucleic acid is heated up to neariy the melting temperature 
(hereinafter abbreviated as Tm) can be exemplified as such double strand destabilizing condition. Alternatively, the 
addition of a Tm regulator is also effective. 

[0095] The reaction comprising a series of steps is carried out in the presence of buffer giving a pH suitable for the 
enzyme reaction, salts required for primer annealing and maintaining the catalytic activity of the enzyme, preservatives 
for the enzyme, and in addition if needed, a melting temperature (Tm) regulator, and such. The buffer with a buffering 
action in a range from the neutral to weak alkaline pH, such as Tris-HCI, is used in the present invention. The pH is 
adjusted depending on the type of DNA polymerase used. Examples of salts to be added to maintain the enzyme 
activity and to modify the melting temperature (Tm) of nucleic acid include KCI, NaCl, (NH4)2S04, etc. The enzyme 
preservatives include bovine serum albumin and sugars. 

[0096] Further, typical melting temperature (Tm) regulators include betaine, proline, dimethylsulfoxide (hereinafter 
abbreviated as DMSO), and formamide. When a melting temperature (Tm) regulator is used, annealing of the above- 
mentioned oligonucleotide can be regulated within a limited temperature range. Moreover, betaine (N,N,N-trimethylg- 
lycine) and tetraalkylammonium salts effectively contribute to the improvement of the efficiency of strand displacement 
due to its isostabilizing action. The addition of betaine at a concentration of about 0.2 to 3.0 M, preferably about 0.5 
to 1 .5 M to the reaction solution is expected to enhance the amplification of nucleic acids of the present invention. 
Since these melting temperature regulators decrease the melting temperature, a condition giving desired stringency 
and reactivity is empirically chosen by considering reaction conditions, such as salt concentration and reaction tem- 
perature. 

[0097] Suitable temperature conditions for enzyme reactions can be readily chosen by utilizing a Tm regulator. Tm 
alters depending on the relation of the primer and target nucleotide sequence. Thus, it is preferable to adjust the amount 
of a Tm regulator so that the conditions that maintain the enzyme activity are consistent with the incubation conditions 
that meet the criterion of the present invention. Based on the disclosure of the present invention, those skilled in the 
art can readily choose proper amounts of a Tm regulator to be added, depending on the primer nucleotide sequence. 
For example. Tm can be determined based on the length of annealing nucleotide sequence and the GC content, salt 
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concentration, and concentration of the Tm regulator. 

[0098] Annealing of a primer to a double-stranded nucleic acid under such conditions is presumed to be unstable. 
However, the complementary strand synthesis proceeds using the unstably annealed primer as the replication origin 
when the DMAs are incubated with a DNA polymerase catalyzing the complementary strand synthesis which includes 
5 strand displacement. Once a complementary strand is synthesized, primer annealing becomes more stable over time. 
The DNA polymerases listed below catalyze the complementary strand synthesis under conditions ensuring the primer 
to anneal to the double-stranded nucleic acid. 

[0099] A DNA polymerase catalyzing complementary strand synthesis which Includes strand displacement plays a 

central role in the method for detecting mutations and polymorphisms of the present invention. Such DNA polymerases 
10 include those listed below. In addition, various mutants of these enzymes can be used in the present invention, so long 

as they have the activity of sequence-dependent complementary strand synthesis and the strand replacing activity. 

Such mutants include truncated enzymes having only the structures with the catalytic activity or mutant enzymes whose 

catalytic activity, stability, or thermal stability has been modified by amino acid mutations, and such. 

Bst DNA polymerase 
15 Bca(exo-) DNA polymerase 

Klenow fragment of DNA polymerase I 

Vent DNA polymerase 

Vent(Exo-) DNA polymerase (exonuclease activity-free Vent DNA polymerase) 
DeepVent DNA polymerase 

20 DeepVent(Exo-) DNA polymerase (exonuclease activity-free DeepVent DNA polymerase) 
029 phage DNA polymerase 
MS-2 phage DNA polymerase 
Z-Taq DNA polymerase (Takara Shuzo) 
KOD DNA polymerase (TOYOBO) 

25 [0100] Among these enzymes, Bst DNA polymerase and Bca(exo-) DNA polymerase are particulariy preferred, be- 
cause they are enzymes with thermal stability to a degree and high catalytic activity. According to the present invention, 
the annealing of a primer to a double-stranded nucleic acid and complementary strand synthesis are conducted under 
the same condition. Since such reaction often requires some heating, the use of thermostable enzymes is preferred. 
The reaction can be achieved under a wide variety of conditions by thermostable enzymes. 

30 [01 01 ] For example, Vent(Exo-) DNA polymerase Is a highly thermostable enzyme that has strand replacing activity. 
It has been reported that the addition of a single strand-binding protein accelerates the reaction of complementary 
strand synthesis by DNA polymerase which comprises strand displacement (Paul M. Lizardi et al., Nature Genetics. 
19, 225-232, July. 1998). By applying the method to the present invention, acceleration of complementary strand syn- . 
thesis is expected by the addition of single strand-binding protein. When Vent(Exo-) DNA polymerase is used, T4 gene , , 

35 32 is effective as the single strand-binding protein. 

[01 02] A phenomenon where the complementary strand synthesis is not terminated even when the reaction reaches , 
the 5'-end of the template and an extra nucleotide is added to the synthesized strand is known in the art due to the 
use of a DNA polymerase lacking 3-5* exonuclease activity. Such a phenomenon is not preferable in the present 
invention, because the next complementary strand synthesis initiates from the synthesized 3'-end complementary 

^ strand sequence. However, the nucleotide added to the 3*-end by the DNA polymerase is nudeotkJe "A" with high 
probability. Thus, a sequence for complementary strand synthesis should be selected so as to initiate synthesis from 
the 3'-end from A to avoid problems by the erroneous addition of a single-dATP nucleotide. Aitematively, even when 
the 3'-end protrudes during complementary strand synthesis, it can be digested to a blunt end by a 3'->5' exonuclease 
activity. For example, the natural Vent DNA polymerase, which has such activity, can be used in combination with Vent 

^5 (Exo-) DNA polymerase to overcome the problem. 

[0103] Unlike the DNA polymerases described above. DNA polymerases, such as Taq polymerase PGR which are 
routinely used In PGR and such, exhibit substantially no activity of strand displacement under typical conditions. How- 
ever, such DNA polymerases can be also used for the present invention, when they are used under conditions ensuring 
strand displacement. 

so [0104] According to the present invention, a loop primer can be used to improve the amplification efficiency in the 
LAMP method. The loop primer is a primer providing an origin for complementary strand synthesis between a region 
derived from FA in the elongation products of the above-mentioned FA and the arbitrary region corresponding to FA 
(namely, the region comprising the nucleotide sequence complementary to the 5'-end of FA). Likewise for RA, it is 
possible to use a loop primer providing an origin for complementary strand synthesis between a region derived from 

55 RA in the elongation products of the above-mentioned RA and the arbitrary region corresponding to RA (namely, the 
region comprising the nucleotide sequence complementary to the 5'-end of RA). Herein, for convenience sake, the 
loop primer corresponding to FA is referred to as loop primer F; the loop primer corresponding to RA Is referred to as 
loop primer R. The loop primer was designed based on the fact that the products by the LAMP method often include 
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loops to which neither RA nor FA can anneal. The present inventors filed a patent application on the LAMP method 
using a loop primer (filed September 1 9 , 2000; Japanese Patent Application No. 2000-283862). The reaction efficiency 
is markedly improved by the combined use of a loop primer with the LAMP method. In cases of using a loop primer, 
the reaction Is initiated after adding a loop primer F and/or loop primer R together with RA, FA, and if required, the 
5 outer primer. The effect by a loop primer may be expected even by the addition of the loop primer alone after the 
reaction proceeds, however, it is more rational to add them priorto starting the reaction to improve the reaction efficiency. 
[0105] According to the present invention, a kit can be provided as a set of pre-combined components of the above- 
mentioned reaction of the present invention. More specifically, the present invention relates to a kit for detecting mu- 
tations and/or polymorphisms, which comprises a primer set consisting of two inner primers, DNA polymerase cata- 
10 lyzing complementary strand synthesis which includes strand displacement, and nucleotide substrates, in which at 
least either of the inner primers of the above-mentioned primer set is a checking primer. An outer primer corresponding 
to the above-mentioned inner primer and another primer set for the internal standard can be incorporated in the kit of 
the present invention. Further, the kit may also contain loop primers to improve the reaction efficiency. Furthermore, 
standard samples as positive or negative controls, direction for instruction, and such, may be attached to the kit. More- 
is over, the kit may contain an indicator component for detecting amplification products. Such indicators include, for 
example, fluorescent dyes such as EtBr; probes generating signals when recognizing the nucleotide sequence of 
amplification products; and so on. ' 

[01 06] Furthermore, a genotyping kit for detenmining heterozygte/homozygote can be provided by the combined use 
of two primer sets for wild type and mutant type as the above-mentioned inner primer sets. When different types of 
20 mutations are tested with the genotyping kit, homozygote and heterozygote can be discriminated for all mutations by 
genotyping using multiple primer sets corresponding to the number of mutation types. Detenmining homozygote and 
heterozygote is important In pedigree analysis and genotype-based phenotype prediction. 

[01 07] The basic principle of the amplification reaction for double-stranded nucleic acids by the combined use of the 
above-mentioned inner primers, RA and FA, and DNA polymerase having strand-replacing activity is described below 

25 referring to Figures 1 to 4. According to the example, the amplification primer set consists of the inner primers, RA and 
FA. and further, RA serves as an arbitrary primer allowing a region of the double-stranded target nucleotide sequence, 
to which FA anneals, to make ready for base pairing. An amplification reaction as described below proceeds in the 
present Invention, when the specific region, namely R1, comprises the predicted nucleotide sequence. On the other 
hand, if the specific region does not have the predicated nucleotide sequence, the reaction of complementary strand 

30 synthesis is inhibited every time when the 3'-end R1c anneals to R1, and thus theoretically, the amplification reaction 
does not proceed. Alternatively, even when complementary strand synthesis erroneously proceeds using R1c as the 
origin with a certain probability, the ultimate influence is assumed to be negligible because the amount of the products 
is very small. 

[01 08] The above-mentioned arbitrary primer (RA in Figure 1 -(1 )) first anneals to X2c (corresponding to R2c) on the 
35 template double-stranded nucleic acid to serve as the origin of complementary strand synthesis. Under such condition, 
the double-stranded nucleic acid is unstable and the primer directly serves as the origin of complementary strand 
synthesis on the double-stranded nucleic acid. In Figure 1-(2), the complementary strand synthesized using RA as the 
origin displaces one of the strands of the template double-stranded nucleic acid, and F2c, which is the region annealing 
with inner primer FA, becomes ready for base pairing (Figure 1-(2)). 
40 [0109] A complementary strand synthesis is conducted by annealing FA to the region F2c which is ready for base 
pairing. Herein, an outer primer F3, which initiates complementary strand synthesis from the 3'-side of FA, also anneals 
to the region (Figure 2-(4)). The outer primer are designed so as to initiate the complementary strand synthesis on the 
3*-side of each inner primer, and is used at a lower concentration than those of the inner primers. Thus, the outer primer 
initiates with high expectance a complementary strand synthesis with a lower probability as compared with the inner 
45 primers. 

[0110] The stringency of the checking mechanism in the mutation detection method of the present invention using 
a loop primer in combination with inner primers, RA and FA. chiefly depends on Tm of F1/F1c. A stringent nucleotide 
sequence-checking mechanism can be achieved by minimizing Tm of F1/F1c within an allowable range. However, in 
cases where the Tm of F1/F1c is lower than the acceptable limit, efficient amplification cannot be expected even when 

50 the nucleotide sequence in the specific region is the predicted nucleotide sequence. For example, in the Example 
described below, efficient synthesis occurs at a reaction temperature of 60°C when the Tm of F1/F1cis45°C. Generally, 
hybridization of different polynucleotide molecules cannot be expected when the reaction temperature is 15^C higher 
than Tm. In Other words, efficient complementary strand synthesis is not expectable in such cases. However, since 
annealing of F1/F1c occurs on a single molecule in the present invention, the checking of nucleotide sequences can 

55 be achieved with enough stringency without sacrificing reaction efficiency even when the Tm is a little lower than the 
reaction temperature. Thus, a condition where the Tm of F1/F1cis designated so that different types of polynucleotides 
are incapable of hybridizing to each other but where the intramolecular hybridization is possible is advantageous for 
the present invention. For example, the Tm values of the respective primers used in Example 5 described hereinafter 
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are as follows: 

Outer primer F3 (R3): 60°C 
Loop primer FL: 56^C 
5 Loop primer RL: 58°C 

F2 on the 3 -side of the Inner primer FA (or R2 on the 3'-side of RA): SS^'C 
F1c on the 5'-slde of the inner primer FA (or R1c on the 
5'-side of RA): 45*»C 

10 [0111] Overall reaction efficiency increases when the loop primer is used in combination according to the present 
invention. Therefore, extensive amplification in a short period is expected even with the Tm of F1 (Rlc) is set lower 
Thus, the lengths of the primers can be shortened according to the present invention. 

[01 12] As a result of complementary strand synthesis using the outer primer F3 as the origin, the elongation product 
synthesized using the inner primer FA as the origin is displaced and released as a single strand (Figure 2-(5)). Using 
iS this single strand as the template, RA and the outer primer R3 corresponding to RA anneal to each other and initiates 
complementary strand synthesis (Figure 3-(6)). As a result, the elongation products from RA have a structure with 
which the 3'-end F1 can intramolecullariy anneal with itself (Figure 3-(8)). 

[0113] In Figure 3-(6), the 5'-end of the strand is annealed intramolecullariy to itself. However, the amplification 
reaction cannot be initiated with this structure, since the 5*-end does not serve as the origin of complementary strand 

20 synthesis. The amplification reaction is initiated only when a complementary strand to the strand shown in Figure 3-(6) 
is synthesized, and thereafter a structure which anneals to itself at the 3'-end thereof is provided(Figure 3-(8)). These 
reaction steps may be referred to as just preliminary steps for the amplification reaction of the present invention. 
[0114] Nucleic acid amplification and checking mechanism of the nucleotide sequence at specific region Rlc ac- 
..oording to the present invention are specifically descrit>ed below, with reference to the schematic illustration depicted 

25 in the Figures. The self-annealed 3'-end F1 (Figure 3-(8)) serves as the origin of complementary strand synthesis. 
Annealing to the 3'-end occurs between F1 and F1 c and thus, there is the possibility that the annealing competes with 
FA that also contains F1c However, in actual, the complementary nucleotide sequences F1/F1c which exist in a neigh- 
boring region on an identical strand preferentially anneal to each other. Thus, the reaction of complementary strand 
synthesis using its own strand as the template is preferentially initiated. The nucleic acid in which the target nucleotide 

30 sequence has been alternately connected on a single strand is synthesized through this reaction. Further, F2c, to which 
the inner primer FA can anneal, is present in a loop forming region that is formed by the self-annealing of the 3'rend 
F1. After FA anneals to this portion, complementary strand synthesis is initiated (Figure 3-(8)). The positional relatbn 
of the loop portion annealing to the inner primer FA is depicted in Figure 5. Complementary strand synthesis from FA 
annealing to the loop displaces the products of complementary strand synthesis initiated from the 3'-end using itself 

35 as the template, and again the 3'-end R1 is allowed to become ready for self-annealing (Figure 4-(9)). The subsequent 
reaction comprises the alternate steps of complementary strand synthesis using the 3'-end of itself as the origin and 
its own strand as the template, and complementary strand synthesis using the loop portion as the origin and the inner 
primer RA as the origin. As described at>ove, the nucleic acid amplification reaction comprises the alternate steps of 
repeated 3*-end extension using its own strand as the template and newly initiated extension firom the primer annealing 

^ to the loop portion. 

[0115] On the other hand, regarding the nucleic acid strand synthesized complementary to the single-stranded nu- 
cleic acid, that is extended using its own strand as the template, using the oligonucleotide annealing to the loop portion 
thereof as the origin, synthesis of a nucleic acid having a complementary nucleotide sequence altemately connected 
on a single strand also proceeds on the synthesized nucleic acid strand. Specifically, the complementary strand syn- 

^5 thesis from the loop portion is completed, for example, when it reaches R1 as depicted in Figure 4-(9). Then, another 
complementary strand synthesis is newly initiated using the 3*-end displaced by the nucleic acid synthesis as the origin 
(Figure 4-(9)). Eventually, the reaction reaches the loop portion that has been the origin of synthesis in the previous 
steps to initiate the displacement again. Thus, the nucleic acid that initiated the synthesis from the loop portion is also 
displaced, and as a result the 3*-end R1 annealing on the strand itself is produced (Figure 4-(11)). This 3*-end R1 

50 initiates complementary strand synthesis after annealing to Rlc present on the same strand. When F in this reaction 
is considered as R and R as F, the reaction is the same as that depicted in Figure 3-(8). Thus, the structure depicted 
in Figure 4-(11) serves as anew nucleic acid that continues the self-extension and another nucleic acid synthesis. 
[01 1 6] As described above, according to the method of the present invention, the reaction that continuously provides 
nucleic acids that initiate another extension proceeds together with the elongation of a nucleic acid. As the strand is 

55 further extended, multiple loop-forming sequences are generated not only at the strand end but also within the same 
strand. When these loop-forming sequences become ready for base pairing through the synthesis reaction which 
comprises strand displacement, the inner primers anneal to the loop-forming sequences and serves as synthesis origins 
for producing new nucleic acids. More efficient amplification is achieved by combining synthesis initiated from internal 
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regions of the strand to the strand synthesis from the strand end. 

[0117] Further, the check frequency by the checking mechanism may be increased by adopting a checking primer 
as not only RA but also as FA in the present invention. Alternatively, even when the nucleotide sequence in the specific 
region is checked with only the 3'-end produced using RA as the template, the reaction of complementary strand 
5 synthesis proceeds through the checking of the nucleotide sequence of the specific region. As a result, the amount of 
products generated in the complementary strand synthesis where the specific region has not the predicted nucleotide 
sequence is greatly reduced as compared to that where the specific region has the predicted nucleotide sequence. 
Thus, the present invention provides a method for detecting mutations and/or polymorphisms, which is excellent in S/ 
N ratio based on the principle. 

10 [0118] As described above, strand extension accompanying synthesis of new nucleic acids can be achieved by the 
use of primers having specific structures. Further, according to the present invention, the newly generated nucleic 
acids themselves extend, and results in a new generation of other nucleic acids. Theoretically, this series of reaction 
continues endlessly, and thus can achieve extremely efficient nucleic acid amplification. In addition, the method of the 
present invention can be conducted under an isothermal reaction condition. 
15 [0119] In cases where RA and FA are used as the inner primers in the present invention, an important feature is that 
the series of reaction steps proceed only when the position of the multiple regions to each other is constantly maintained. 
Further, in embodiments where the outer primer is used in combination, at least six regions are involved in the reaction. 
Due to this feature. non>specific. synthesis accompanying non-specific complementary strand synthesis can be effec- 
tively prevented. Specifically, this feature contributes to the reduction in the probability that the product will serve as a 
20 starting material in a subsequent step of amplification even when some non-specific reaction occurs. 

[01 20] Furthermore, the fact that process of the reaction is controlled by a plurality of different regions provides one 
with the flexibly to construct a detection system that ensures precise discrimination of similar nucleotide sequences. 
It is an important task to detect SNPs between similar nucleotide sequences of genes, such as human CYP2C19. 
However, it has been difficult to detect minor mutations in similar nucleotide sequences by a single-round of amplifi- 
es cation reaction according to conventional gene amplification techniques, such as PGR, and other known signal ampli- 
fication techniques, such as the Invader method. According to the present invention, the primers can be designed so 
as to ensure extensive amplification when multiple regions contain the predicted nucleotide sequences and maintain 
specific positional relationship. 

[0121] Thus, the present invention is useful for detecting minor differences in nucleotide sequences between multiple 

30 genes containing similar nucleotide sequences, for example, in typing of HLA and platelet alloantigen, or pathogenic 
microorganisms. Most part of such genes determining the phenotype is common among the genes, and the typing is 
carried out based on mutation patterns in some regions. The method of the present invention, wherein a certain amount 
of amplification products can be only generated when the nucleotide sequences in multiple regions are identical to 
predicted ones, is suitably used in such analyses. 

35 [0122] Further, based on the present invention, heterozygote and homozygote can be cleariy discriminated by ana- 
lyzing genomic DNA of a same sample by a primer, which primer ensures amplification of a nucleotide sequence when 
the specific region is identical to that of the wild-type, in combination with another primer, that ensures amplification of 
a sequence which is identical to that of the mutant. Specifically, a sample is a homozygote of either of the wild type or 
the mutant when the sample is amplified by only either of the primers. On the other hand, a sample is a heterozygote 

40 consisting of the mutant and wild-type sequences when amplification by both of the primers is achieved. 

[0123] Furthermore, the present invention is also useful as a technique for analyzing genes involved in drug metat>- 
olism, which may contribute to tailor-made medicine. The genes involved in drug metabolism are important in deter- 
mining drug-sensitivity of an individual. The differences of the activity of drugs on individuals have been predicted to 
result from minor differences in the nucleotide sequence of the gene which encodes enzymes involved in the metab- 

^5 olism of the drug. Standard human genes are being revealed by the Human Genome Project. One of the practical 
applications of the result of the Project is analysis of genes involved in drug metabolism which has become of major 
interest. Thus, the present invention provides a technique that is highly useful in the post genome age. 
[0124] All publications describing prior arts cited herein are incorporated by reference. 

50 Brief Description of the Drawings 

[0125] 

Figure 1 depicts a schematic illustration demonstrating a part, (1 ) to (2), of the reaction principle of a preferred 
S5 embodiment according to the present invention. 

Figure 2 depicts a schematic illustration demonstrating a part, (3) to (5). of the reaction principle of a preferred 
embodiment according to the present invention. 

Figure 3 depicts a schematic illustration demonstrating a part, (6) to (8), of the reaction principle of a preferred 
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embodiment according to the present invention. 

Figure 4 depicts a schematic illustration demonstrating a part, (9) to (11), of the reaction principle of a preferred 
embodiment according to the present invention. 

Figure 5 depicts a schematic illustration of the loop structure formed in the single-stranded nucleic acid of the 
5 present invention. 

Figure 6 depicts the nucleotide sequences of genes belonging to the human CYP2C19 family, which sequences 
are similar to one another. 

Figure 7 depicts a schematic illustration demonstrating the target nucleotide sequence, that was used in the de- 
tection of SNPs in the Example, and positional relation of primers to the target nucleotide sequence. 

10 Figure 8 depicts a photograph demonstrating the result of the mutation detection method of the present invention. 

Each lane represents: target template (the specific region has the predicted nucleotide sequence); template with 
a single-nucteotrde mismatch (the specific region has a nucleotide sequence with a single nucleotide difference 
to the predicted nucleotide sequence); and no template (primer alone used as a control). 
Figure 9 depicts a graph demonstrating the result obtained by the mutation detection method of the present in- 

is vention. Herein, the ordinate indicates the fluorescence intensity and the abscissa the reaction time (hour). — ■ — : 

no target; — O — : ml; and — • — : WT. 

Figure 10 depicts schematic Illustrations demonstrating the target nucleotide sequences, that were used in the 
detection of SNPs in Example 3, and the positional relation of primers to the target nucleotide sequences. 
Figure 11 depicts graphs demonstrating the results of the mutation detection method of the present invention. 
20 Panel a) and b), respectively, demonstrates the result obtained by reacting the primer set for wild type (WT) and 

the primer set for mutant (MUT) with respective template DNAs. Herein, the ordinate .indicates the fluorescence 
intensity and the abscissa the reaction time (minute). — • — : wild type (WT) ; — O — : mutant (MUT); and — ▲ — : 
noDNA. 

Figure 12 depicts a photograph demonstrating the result of the mutation detection method of the present Invention. 
25 Each lane represents: products obtained by reacting respective template DNAs with the wild-type (WT) primer set 

and the mutant-type (MUT) primer set. No DNA (without template DNA); MUT DNA (the mutant CYP2C19 gene 
as the template); and WT DNA (the wild-type CYP2C1 9 gene as the template). 

Figure 13 depicts graphs demonstrating the specifrcity of the mutation detection method of the present invention. 

Panel a) and b). respectively, demonstrates the results obtained by reacting the primer set for wild type (WT) and 
30 that for mutant (MUT) with respective template DNAs. Herein, the ordinate indicates the fluorescence intensity 

and the abscissa the reaction time (minute). — ♦ — : no DNA; — ▲ — : CYP2C9 gene; — X — : CYP2C18 gene; 
wild type (WT) CYP2C19; and— O— : mutant (MUT) CYP2C19. 

Figure 14 depicts a schematic illustration of the target nucleotide sequence, that was used In the detection of SNPs... 

is Example 5, and the positional relation of primers to the target nucleotide sequence. 
35 Figure 1 5 depicts graphs demonstrating the result of the mutation detection method of the present invention using ^ 

the loop primers. Panel a) and b). respectively, demonstrate the results obtained, by reacting the primer set fotje,- 

wild type (WT) and that for mutant (MUT) with respective template DNAs. Herein, the ordinate indicates the fluo- . 

rescence intensity and the abscissa the reaction time (minute). — • — : wild type (WT) ; — O — : mutant (MUT) ; 

and — ▲ — : no DNA. 

40 Figure 1 6 depicts graphs demonstrating the specifldty of the mutation detection method of the present invention 

using the loop primer. Panel a) and b), respectively, demonstrate the results obtained by reacting the primer set 
for wild type (WT) and that for mutant (MUT) with respective template DNAs. Herein, the ordinate indicates the 
fluorescence intensity and the abscissa the reaction time (minute). — « — : no DNA; — ▲ — : CYP2C9 gene; — X — : 
CYP2C18 gene; — : wild type (WT) CYP2C19; and— O--: mutant (MUT) CYP2C19. 

^ Figure 17 depicts graphs demonstrating the result detecting mutations in blood samples by the mutation detection 

method of the present invention using the loop primer. Sample No. 10: a homozygote of wild type (WT/WT) ; sample 
No. 11: a heterozygote of wild type/mutant (WT/MUT) ; and sample No.8: a homozygote of mutant (MUT/MUT). 
Herein, the ordinate Indicates the fluorescence intensity and the abscissa the reaction time (minute). — • — : wild- 
type (WT) primer; and — O — : mutant-type (MUT) primer. 

so 

Best Mode for Carrying out the Invention 

[0126] The present invention is illustrated in detail below with reference to Examples. 

55 Example 1. Detection of mutations in the human CYP2C19 gene (1) 

[0127] The human CYP2C19 gene was amplified by PGR and was digested with restriction enzyme Smal, which 
recognizes the site of SNPs, for typing the gene as wild type (WT) or mutant with a single-nucleotide mutation (ml). 
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Further, the PGR products determined to be WT or ml based on the result were cloned into pBluescript il at the EcoRV 
site. The nucleotide sequence was determined to confirm the nucleotide sequence at the site of SNPs. The wild-type 
nucleotide sequence is shown in SEQ ID NO: 5. In ml, the residue at nucleotide 111 in SEQ ID NO: 5 was not G but 
A (Figure 7). 

5 [0128] Then, the primers designed to discriminate WT and ml of human CYP2C1 9 according to the present invention 
comprise the following nucleotide sequences. The positions of the respective primers in the target nucleotide sequence 
are shown in Figure 7. The 5'>end of FA contains the site of mutation to be detected. Thus, when the predicted nucleotide 
sequence is not contained in the region of the target nucleotide sequence, the reaction of complementary strand syn- 
thesis is inhibited. 

10 

RA.(R1-I'R2) /SEQ ID MO: 1 
• 5 • -GGGAACCCATAACAAATTACTTAAAAACCTGTGTTCTTTTACTTTCTCCAAAATATC-3 ' 

IS 

Ou-ter primer R3/SEQ ID NO: 2 
5 ' -AGGGTTGTTGATGTCCATC-3 ' 

20 

FA(F14^F2) /SEQ ID NO: 3 
5'- 

CGGGAAATAATCAATGATAGTGGGAAAATATGCTTTXAATTTAATAAATTATTGTTTTCTCTTA 

25 

G-3' 

Outer primer F3/SEQ ID NO: 4 
5 ' -CCAGAGCTTGGCATATTGTATC-3 ' 

[0129] Incubation was carried out at 60*^C for 2 hours using the primers, that comprise the above nucleotide se- 
quences, and 10'^^ mol/tube (about 60000 molecules) of pBluescript II (linearized with EcoRI) wherein WT or ml had 
35 been inserted as the template. The reaction was carried out remaining the template double-stranded. The composition 
of the reaction solution was as follows: 
■ The composition of reaction solution (in 25 

20 mM Tris-HCI pH 8.8 
40 lOmMKCI 

10 mM (NH4)2S04 

4 mM MgS04 

1 M Betaine 

0.1% Triton X-1 00 
45 0.4 mM dNTP 

8 U Bst DNA polymerase (NEW ENGLAND BioLabs) 

Primers: 
50 [0130] 

1600 nM FA 
1600 nMRA 
200 nM F3 
55 200 nM R3 

[0131] 5 |iL of loading buffer was added to 5 of the above reaction solution, and then, was loaded onto a 2% 
agarose gel (0.5% TBE). Electrophoresis was carried out for 0.5 hour at 100 V. After electrophoresis, the gel was 
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stained with ethidium bromide (EtBr) to visualize the nucleic acids. The result is depicted In Figure 8. No amplification 
could be observed when the reaction contained no template or the template ml which contains a singleniucleotide 
mismatch. However, amplification products were detected when WT was used as the template. Thus, it was verified 
that unambiguous discrimination of single>nucleotide differences is enabled according to the present invention. 

5 

Example 2. Detection of mutations in the human CYP2C19 gene (2) 

[01 32] The mutation detection method of the present invention was performed using the same primers as those used 
in Example 1. The composition of the reaction solution was the same as that used in Example 1 except for lO'^'* mpl/ 

10 tube (about 600 molecules) of pBluescript 11 (linearized with EcoRI) wherein WT or ml had been Inserted was used as 
the target nucleotide sequence. Incubation was carried out at 64''C. EtBr is added at a final concentration of 0.25 \iq/ 
ml to the reaction solution. The reaction was monitored for 6 hours with ABl Prism 7700 (Perkin Elmer). 
[0133] The result is demonstrated in Figure 9. No amplification could be detected during 6-hours of reaction when 
no template or the template ml, that contains a single-nucleotlde mismatch, was used in the reaction. When WT was 

15 used as the template, the fluorescence intensity enhanced with the progress of the amplification reaction. It was verified 
that unambiguous discrimination of single-nucleotide differences in the specific region can be achieved according to 
the present inventbn. Further, it was demonstrated that the mutation detection method based on the present invention 
can be conducted isothermally, and In addition, the reaction could be monitored with a conventional device for fluores- 
cence assay. 

20 [01 34] The ABl Prism 7700 used in the Example is originally a device for monitoring PGR. However, thermal cycling 
as in PGR was not required in the detection method of the present invention; the reaction was achieved only by iso- 
thermal incubation (64''G). Thus, the mutation detection method according to this Example can t>e performed in a 
device for fluorescence assay with an incubator. 

25 Example 3. Detection of mutations in the human GYP2C19 gene (3) 

[0135] The following experiment was carried out to assess the specificity of the method for detecting nucleotide 
sequence mutations of the present invention. More specifically, primers corresponding to the mutant-type and wild- 
type predicted nucleotide sequences in the specific region were designed respectively, and the mutation detection 

30 method of the present invention was conducted using the primers. The nucleotide sequences of the primers prepared 
are listed below. The experiment was carried out by the same procedure as in Examples 1 and 2 using human CYP2C1 9 
gene as the template and the primer set, which amplifies sequences with the mutation of interest (MUT) (the mutant- 
type predicted nucleotide sequence), and the primer set, that amplifies sequences of the wild type (WT) (the wild-type 
predicted nucleotide sequence). Positions of respective primers in the target nucleotide sequence are demonstrated 

35 in Figure 1 0. The second nucleotide from the 5'-ends of FA and RA corresponds to the site of SNPs. 
A set of primers to detect the wild type 

FA(F1-I-F2)/SEQ ID NO: 6: 

40 

5 ' -CCGGGAAATAATCAATGTAATTTAATAAATTATTGTTTTCTCTTAG-3 ' 



RA(R1+R2) /SEQ ID MO: 7: 

45 

5 ' -CGGGAACCCATAACTGTTCTTTTACTTTCTCC-3 ' 
A set of primers to detect the mutation 

50 

FA(F1+P2) /SEQ ID NO: 8: 

5 ' -CAGGAACCCATAACAAATTACTTAGTGTTCTTTTACTTTCTC-3 ' 

55 



25 



EP 1 231 281 A1 



RA(R1+R2)/SEQ ID NO: 9: 

5 ' -CAGGAACCCATAACAAATGTGTTCTTTTACTTTCTCC-3 ' , 

5 

[0136] The outer primers. R3 and F3, used in this Example consist of the nucleotide sequences of SEQ ID NO: 2 
and SEQ ID NO: 4, respectively (the same as in Example 1). 

[01 37] A solution was prepared, which contained the primers comprising the above nucleotide sequences and 6,000 
10 molecules/tube of pBluescript II (linearinzed with EcoRI). in which WT or m1 had been inserted, as the template. The 
solution was heated at SS^'C for 3 minutes, and combined with the following reaction solution. The total volume was 
25 \iL. The mixture was incubated at 60^0 for 3 hours. The composition of reaction solution was as follows. 
■ The composition of reaction solution (in 25 ^L) 

15 20 mM Tris-HCI pH 8.8 

10 mM (NH4)2S04 

10 mM KCI 

3.5 mM MgS04 

1 M Betaine 
20 0.1% Triton X-1 GO 

0.4 mM dNTPs 

8 U Bst DNA polymerase 

1600 nM FA 

1600 nM RA 
25 200 nM F3 

200 nM R3 

[0138] EtBr was added at a final concentration of 0.25 \ig/m\ to the reaction solution. The reaction was monitored 
for 3 hours with ABt Prism 7700 (Peridn Elmer). 

30 [0139] The result is shown in Figure 11. Further, 5 of the above-mentioned reaction solution was subjected to 
electrophoresis using the same procedure as used in Example 1 after the reaction was completed; the result is shown 
in Figure 12. It was verified that the amplification with the wild-type primer set or the mutant primer set proceeded 
during the reaction for 3 hours only when the template had the predicted nucleotide sequence. Even when the exper- 
iment was carried out with only 6,000 template molecules, the amplification reaction reached the plateau in about 100 

35 minutes. Thus, it was demonstrated that the detection method of the present invention is highly sensitive. 6,000 DNA 
molecules correspond just to the number of copies of genome DNA derived from white blood cells in 1 |iL of blood. 
The number of white blood cells in an adult person in the normal condition has been estimated to be 4,000 to 8,000 
cells. Thus, the average number of white blood cells is 6,000. Since the majority of blood DNA is derived from white 
blood cells, the number of white blood cells corresponds to the number of DNA copies in blood. Accordingly, if analysis 

40 results are obtainable with 6,000 DNA molecules, the gene analysis can be achieved with 1 |xL of blood sample. 

[0140] On the other hand, when the nucleotide sequence of the template was identical to neither of the predicted 
nucleotide sequences, there was no detectable amplification with the primer set for either the wild type or mutant during 
the reaction for 3 hours. Thus, it was demonstrated that, even with a small quantity of sample, the mutation detection 
method of the present invention achieves a highly reliable checking-mechanism for nucleotide sequences. 

45 

Example 4. Specificity against the human p450CYP2C19 gene 

[0141] The specificity of the method for detecting mutations according to the present invention was assessed by an 
experiment using a 100 times larger quantity of a template consisting of a nucleotide sequence similar to that of the 

50 template to be detected for mutation. The same template as in Example 3, human p450CYP2C1 9 gene, was used to 
detect for mutations. Human p450CYP2C9 gene and human p450CYP2C 1 8 gene was used as the templates consisting 
of nucleotide sequences similar to that of the gene. These genes were also cloned into pBluescript II and the nucleotide 
sequences were verified by the same procedure as in Example 1. Then, the genes were used in this experiment. 
[01 42] 600,000 molecules/tube of the human p450CYP2C9 gene or human p450CYP2C1 8 gene were used instead 

55 of 6.000 molecules/tube of the human p450CYP2C19 as the templates in this experiment. Other experimental condi- 
tions were the same as those in Example 3. 

[0143] The result is shown in Figure 13. With the primer set for wild type, amplification was detectable when the 
template was 6.000 molecules of CYP2C19WT DNA. However, when the template was 600,000 molecules of the 
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CYP2C9 or CYP2C18 gene, there was no detectable amplification with the same primer set. Likewise, with the primer 
set for the mutant, amplification was detectable when the template was 6,000 molecules of CYP2C19MUT DNA, but 
there was no detectable amplification with the same primer set when the template was 600,000 molecules of the 
CYP2C9 or CYP2C18 gene. The result shown above indicates that, according to the mutation detection method of the 
5 present invention, a nucleotide sequence of interest can be discriminated from other similar nucleotide sequences in 
a group of genes comprising nucleotide sequences similar to one another, and the mutation was also unambiguously 
detectable. 

[0144] As seen in Figure 6, the nucleotide sequences of p450CYP2C1 9, p450CYP2C9. and p450CYP2C1 8 are very 
similar to one another. According to conventional methods for detecting nucleotide sequences, it had been nearty 
10 impossible to discriminate nucleotide sequences with such high similarity and detect mutations at the same. 

Example 5. Assay with the loop primer (1 ) 

- Detection of SNPs in the human p450CYP2C19 gene - 

15 

[0145] The following experiments were carried out in order to verify that the improving effect of the loop primer, 
invented by the applicants (filed 1 9, September, 2000; Japanese Patent Application No. 2000-283862), on the efficiency 
of the LAMP method applies also to the mutation detection method of the present invention. 

[0146] First, primers and loop primers comprising the nucleotide sequences shown below were designed. A loop 
20 primer refers to a primer that serves as an origin of a complementary strand synthesis existing between F2 and F1 on 
the elongation products from FA. Likewise for RA, a primer that serves as a complementary strand synthesis origin 
existing between R2 and R1 on the above-mentioned elongation products from RA is used as the loop primer. Specif- 
ically, the loop primers used comprise the nucleotide sequences shown below. The loop primers can be used in com- 
bination with the wild-type (WT) primer set or in combination with the mutant-type (MUT) primer set. The positbns of 
25 respective primers in the target nucleotide sequence, which were used in the reaction, are shown in Figure 14. As in 
Example 3, the second nucleotide from the 5'-ends of FA and RA corresponds to the site of SNPs. 
A set of primers to detect the wild type 

30 FA(F1+F2)/S£Q ID NO: 10: 

5 ' -CCGGGAAATAATCTAATTTAATAAATTATTGTTTTCTCTTAG-3 ' 

35 RA(Rl-f-R2) /S£Q ID NO: 11: 

5 ' " CGGGAACCCTGTTCTTTTACTTTCTCC- 3 ' 

A se^ of primers to detect the mutant 

40 

FA(F1-I-F2) /SEQ ID NO: 12: 

5 '-CTGGGAAATAATCATAATTTAATAAATTATTGTTTTCTCTTAG-3 ' 

RA(R14-R2)/S£Q ID NO: 13: 

5 ' -CAGGAACCCATATGTTCTTTTACTTTCTCC-3 ' 

50 

Loop primer FL/SEQ ID NO: 14: 
5 ' -GATAGT6GGAAAATTATTGC-3 ' 

55 

Loop primer RL/SEQ ID NO: 15: 
5 • "CAAATTACTTAAAAACCTTGCTT-3 ' • 
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[0147] The outer primer R3 consists of the nucleotide sequence of SEQ ID NO: 2, and the outer primer F3 consists 
of the nucleotide sequence of SEQ ID NO: 4 (the same as in Example 1). 

[0148] A solution comprising either of the above primer sets and the loop primers as well as 6,000 molecules/tube 
of pBluescript II (linearized with EcoRI), In which WT or ml had been inserted, as the template was heated at 95°C for 
5 3 minutes, and combined with the following reaction solution to a total volume of 25 \iL. The mixture was incubated at 
60*'C for 3 hours. The composition of the reaction solution was as follows. 
The composition of reaction solution (in 25 ^L) : 

20 mM Tris-HCI pH 8.8 
10 10mM (NH4)2S04 

10 mM KCI 

4.0 mM MgS04 

1 M Betaine 

0.1% Triton X-1 00 
15 0.5 mM dNTPs 

8 U Bst DNA polymerase 

1600 nM FA 

1600 nM RA 

200 nM F3 
20 200 nM R3 

800 nM FL 

800 nM RL, and 

6000 molecules/tube of template DNA. 

25 [0149] EtBr was added at a final concentration of 0.25 |ig/ml to the reaction solution. The reaction was monitored 
for 1 hour with ABI Prism 7700 (Perkin Elmer). The result is demonstrated in Figure 15. 

[0150] Increased fluorescence signal due to the amplified products were observed about 70 minutes and about 80 
minutes after the start of reaction with the WT-type primer set and the MUT-type primer set, respectively, in the reaction 
without the loop primer (Figure 11). Whereas increased fluorescence signal due to the amplified products were detected 
30 about 20 minutes after the start of reaction with each primer set, wild-type or mutant-type, in the reaction with the loop 
primers (Figure 15). The reaction rate was shown to increase by the use of the loop primers. 

[0151] On the other hand, in the detection of SNPs, it was confirmed that the amplification reaction proceeded by 
discriminating single-nucleotide differences regardless of the use of the loop primers. Thus, it was demonstrated that 
the use of the loop primers contribute to great improvement of the reaction rate without sacrificing the specificity. 

35 

Example 6. Assay with the loop primer (2) 

- Assessment of specificity against the human p450CYP2C19 gene - 

40 [01 52] The specificity of the method for detecting mutations according to the present invention was assessed by an 
experiment using the loop primers and templates comprising nucleotide sequences similar to that of the template to 
be detected for mutations with an amount 100 times larger than that was used for detecting the mutation. 600,000 
molecules/tube each of human p450CYP2C9 gene and human p450CYP2C18 gene instead of 6,000 molecules/tube 
of human p450CYP2C1 9 were used as the templates in this experiment. Other reaction conditions were the same as 

45 in Example 5. 

[0153] The result is shown in Figure 16. With the primer set for the wild type, amplification was detectable when 
6.000 molecules of CYP2C1 9WT DNA were used as the templates. However, when 600,000 molecules of the CYP2C9 

or CYP2C18 gene were used as the templates, no detectable amplification could be observed with the same primer 
set. Likewise, with the primer set for mutant, amplification was detectable only when 6,000 molecules of CYP2C1 SMUT 
50 DNA were used as the templates, but not when 600,000 molecules of the CYP2C9 or CYP2C1 8 gene were used as 
the templates. Therefore, the mutation detection method of the present invention distinguishes the object nucleotide 
sequence from a similar nucleotide sequences which exist in a group of genes comprising nucleotide sequences similar 
to one another, and unambiguously detects object mutations even when a loop primer is utilized in the method. 

55 Example 7. Assay with blood samples 

[0154] DNA was extracted from blood samples collected from volunteers (35 samples) with QIAamp DNA Blood Kit 
(Qiagen). The ml region of the human p450CYP2C19 gene was amplified from the extracted DNA by PGR using the 
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primer sequences indicated in Unexamined Published Japanese Patent Application (JP-A) No. Hei 10-14585. The 
amplification was carried out with Z-Taq polymerase (Takara Shuzo) according to the protocol for Z-Taq. 
[0155] The obtained PGR products were analyzed by PCR-RFLP. The procedure was as follows. First, 3 jiL of the 
PGR products was digested with restriction enzyme Msp\ at 37'*C for 3 hours, and electrophoresed on a 4% agarose 
5 gel (Ampiisize Agarose, BIO-RAD) After electrophoresis, the gel was stained with SYBR Green I (FMG), and the band 
pattem for the DNA was observed for typing the ml region. 

[0156] Three samples of each of wild type homozygote (WT/\An'), wild type/mutant heterozygote (WT/MUT), and 
mutant homozygote (MUT/MUT), 9 samples In total among all the samples were analyzed for the ml region by the 
mutation detection method of the present invention. The nucleotide sequences of the PGR products from the used 9 
10 samples were determined to confirm the results obtained by the typing using PGR-RFLP. The mutation detection meth- 
od of the present invention was performed according to the protocol described in Example 5. The sample DNA was 
used at an amount which is theoretically equivalent to that extracted from 1 of blood. Specifically, a 1/7,000 aliquot 
of DNA extracted from 7 ml of blood was used as the sample DNA. 

[0157] With respect to all the 9 samples, the results obtained by the mutation detection method of the present in- 
IS vention agreed with those obtained by PCR-RFLP. The results of the reaction with sample No.1 0 (the result of WTA/VT 
by PCR-RFLP). sample No.11 (the result of WT/MUT by PCR-RFLP). and sample No.8 (the result of MUT/MUT by 
PCR-RFLP) of the nine are shown in Figure 17. 

[01 58] The amplification reaction on the sample of wild type homozygote (WT/WT) occurred only when the wild-type 
(WT) primer set was used, and no amplification could be detected with the primers for mutant (MUT). On the other 
20 hand, genes were amplified with tx)th primer sets, primer set for wild type (WT) and that for mutant (MUT), where the 
sample was heterozygote (WT/MUT). Further, amplification of the sample of mutant homozygote (MUT/MUT) occurred 
only with the mutant-type (MUT) primers, and not with the wild type (WT) primers. This indicates that homozygote/ 
heterozygote can be conveniently assessed based on a matrix as shown below from the result of reaction by the 
combined use of primer sets for the wild type and mutant 

25 





Wild type 


Mutant 


Wild type homozygote 


+ 




Mutant homozygote 




+ 


Heterozygote 


+ 





[0159] Further, the amplified nucleic acid was confinmed by sequencing to have the nucleotide sequence of the 
CYP2C19 gene. A blood-derived DNA sample contains many similar sequences, such as CYP2C9 and CYP2C18. 
beside the GYP2G19 gene. Only the CYP2C19 gene, which was the target gene, was specifically amplified even in 
35 the presence of such similar sequences, and the detection of single-nucleotide differences was achieved in a single- 
round amplification reaction. Thus, it was confirmed that SNP typing of a gene, for which many genes with similar 
sequences exist, can be conducted just by testing the presence or absence of amplification products in a single-round 
amplification reaction. 

40 Industrial Applicability 

[0160] According to the present Invention, a target nucleotide sequence can be accurately assessed, whether it 
differs from a predicted nucleotide sequence or not. The method of the present invention is useful in analyzing mutations 
and polymorphisms within nucleic acids. This method is based on a simple enzymatic reaction. Thus, the method can 
45 be performed without any special devices or reaction components, which enables the method to be readily conducted 
at a low cost. 

[0161] Further, since the method for detecting mutations and polymorphisms of the present Invention comprises a 
reaction containing amplification of the target nucleotide sequence, differences in nucleotide sequences can be dis- 
criminated using the amount of the amplified nucleic acid product as an index. This allows highly sensitive and repro- 

50 ducible nucleotide sequence analyses. In addition, the complementary strand synthesis based on the principle of re- 
action used In the present invention, proceeds after checking the target nucleotide sequence at the start of every round. 
Therefore, even when a wrong complementary strand is erroneously synthesized, such erroneous reaction never in- 
fluences the ultimate result of analysis. According to PGR, a conventional gene amplification method, once a wrong 
complementary strand is synthesized, it is impossible to accurately assess the result. Thus. PGR is actually not appli- 

55 cable to this type of analysis. Certain errors are inevitable in all kinds of nucleotide sequence checking-mechanisms 
based on primer hybridization. High S/N ratios, minimizing the influence of errors in complementary strand synthesis 
of nucleic acids, and at the same time accumulating In large quantity the correct reaction product without any errors 
has been achieved according to the present inventk>n. Thus, the present invention is a pioneering Invention, estab- 
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lishing for the first time a method for discriminating nucleotide sequences based on a nucleic acid amplification reaction. 
[0162] Further, the feature of the present invention, that the process of over all reaction is controlled in multiple 
regions, is advantageous in the detection of minor differences in nucleotide sequences in the presence of multiple 
genes with similar nucleotide sequences. Because of this feature, typing of HLA and platelet alloantigen or pathogenic 
microorganisms can be accurately and conveniently conducted according to the present Invention. Furthermore, the 
detection of SNPs Involved In the activity of enzymes associated with drug metabolism can be also conveniently 
achieved according to the present invention. 
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SEQUENCE LISTING 
<110> EIKEN KAQAKU KA6USHIKI KAISHA 

* 

<120> METHOD FOR DETECTING UITATIONS AND/OR POLYMORPHISMS 

<130> E2-A0002P 

<140> 
<14t> 

<150> PCT/JP99/06213 
<151> 1999-11-08 

<150> JP 2000-134334 
<151> 2000-04-28 . 

<160> 15 

<170> Patent In Ver. 2.1 

<210> 1 
<211> 57 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Art If icia I ly 
Synthesized Primer Sequence 

<400> 1 

gggaacccat aacaaattac ttaaaaacct gtgttctttt actttctcca aaatatc 



<210> 2 
<2il> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artlf Iclal ly 
Synthesized Primer Sequence 

<400> 2 

agggttgttg atgtccatc 
<210> 3 



31 



EP 1 231 281 A1 



<211> 65 
<212> DNA 

<219> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artif iciai ly 
Synthesized Primer Sequence 

<400> 3 

cgggaaataa tcaatgatag tgggaaaata tgcttttaat ttaataaatt attgttttct 60 
cttag 65 



<210> 4 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence :Art if ic la I ly 
Synthesized Primer Sequence 

<400> 4 

ccagagcttg gcatattgta tc 22 



<210> 5 
<211> 210 
<212> ONA 

<213> Homo sapiens 



<400> 5 

ccagagcttg gcatattgta tctatacctt 
gttttctctt agatatgcaa taattttccc 
aacaaattac ttaaaaacct tgcttttatg 
caccaagaat cgatggacat caacaaccct 



tattaaatgc ttttaattta ataaattatt 60 
actatcattg attatttccc gggaacccat 120 
gaaagtgata ttttggagaa agtaaaagaa 180 

210 



<210> 6 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rArtlfici a I ly 
Synthesized Primer Sequence 

<400> 6 
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■ • 

ccgggaaata atcaatgtaa tttaataaat tattgttttc tcttag 

<210> 7 
<211> 32 
<212> DNA 

<213> Artificial Saquance 

m 

<220> 

<223> Description of Artificial Saquence: Artificially 
Synthaalzed Primer Sequence 

<400> 7 

cgggaaccca taactgttct tttactttct cc 

* 

<210> 6 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Deecription of Artificial Sequence:Artif icial ly 
Synthesized Primer Sequence 

<400> 8 

caggaaccca taacaaatta cttagtgttc ttttactttc tc 

<210> 9 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerArtIf icial ly 
Synthesized Primer Sequence 

<400> 9 

caggaaccca taacaaatgt gttcttttac tttctcc 

<210> 10 
<211> 42 
<212> DNA 

<213> Artif Iclflit Sequence 
<220> 
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<223> Description of Artificial Sequence:Artif icial ly 
Synthesized Primer Sequence 

<400> 10 

. cceseaaata atctaattta ataaattatt gttttctctt eg . 



<210> 11 
<211> 27 
<212> DIM - 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:Artlf icial ly 
Synthesized Primer Sequence 

<400> 11 

cggftaaccct gttcttttac tttctcc 



<210> 12 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Art if icial ly 
Synthesized Primer Sequence 

<400> 12 

ctgggaaata atcataattt aataaattat tgttttctct tag 

<210> 13 
<211> 30 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Art (fici el ly 
Synthesized Primer Sequence 

<400> 13 

caggaaccca tatgttcttt tactttctcc 

<210> 14 
<2n> 20 



34 



EP 1 231 281 A1 



10 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artif icial ly 
Synthesized Primer Sequence 

<400> 14 

gatagtggga aaattattgc 20 



15 



20 



25 



<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Artif icial ly 
Syntliesized Primer Sequence 

<400> 15 

caaattactt aaaaacottg ctt 23 
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Claims 

1. A method for detecting mutations and/or polymorphisms within a specific region of a target nucleotide sequence 

comprising the steps of: (1) incubating the following elements (a) to (e) under conditions that allow comple- 
mentary strand synthesis wherein second and first primers are used as origins: 

(a) a nucleic acid sample comprising a target nucleotide sequence; 

^ (b) a DNA polymerase catalyzing complementary strand synthesis which includes strand displacement; 

(c) a second primer, wherein the 3*-end of the second primer anneals to the 3*-side region of one of said 
target nucleotide sequence strands, and the 5'-side of the second primer includes a nucleotide sequence 
complementary to the predicted nucleotide sequence that constitutes a region on the products of the 
complementary strand synthesis reaction that uses the primer as the origin; 

^5 (d) a first primer, wherein the 3*-end of the first primer anneals to the 3 -side region of the other said target 

nucleotide sequence strand, and the 5'-side of the first primer includes a nucleotide sequence comple- 
mentary to the predicted nucleotide sequence that constitutes a region on the products of the comple- 
mentary strand synthesis reaction that uses the primer as the origin; and 
(e) nucleotide substrates; and 

50 

(2) correlating the amount of product synthesized by a complementary strand synthesis reaction, which uses 
the target nucleotide sequence as the template, with the presence of a mutation and/or polymorphism in the 
specific region, wherein a nucleotide sequence arranged on at least one of the 5'-ends of the second and first 
primer contains a nucleotide sequence that is complementary to the predicted nucleotide sequence of said 
55 specific region or the complementary strand thereof, and wherein the complementary strand, that is synthe- 

sized using the nucleotide sequence arranged on the 5'-end as the template and functions as the origin of 
complementary strand synthesis by annealing to the specific region or the complementary strand thereof, 
inhibits the complementary strand synthesis when the nucleotide sequence that contains the specific region 
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is not a predicted one. 

2. The method of claim 1 , wherein both of the nucleotide sequences arranged on the 5'-end of the second primer or 
first primer contain a nucleotide sequence that is complementary to the predicted nucleotide sequence of said 
specific region or the complementary strand thereof, and wherein the complementary strand, that is synthesized 
using the nucleotide sequence arranged on the 5'-end as the template and functions as the origin of complementary 
strand synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complemen- 
tary strand synthesis when the nucleotide sequence that contains the specific region is not a predicted one. 

3. The method of claim 1 , additionally comprising the following elements: 

(f) a third primer, wherein the third primer serves as the origin of the complementary strand synthesis reaction, 
further wherein the 3'-side of the annealing region of the first primer on the template functions as the origin; and, 

(g) a fourth primer, wherein the fourth primer serves as the origin of the complementary strand synthesis 
reaction, further wherein the 3'-side of the annealing region of the second primer on the template functions as 
the origin. 

4. The method of claim 1, wherein a gene comprising a nucleotide sequence similar to the nucleotide sequence of 
the target nucleotide sequence is present in the same sample. 

5. The method of claim 4, wherein the gene is a family gene and/or a pseudogene; 

6. The method of claim 5, wherein the family gene and/or the pseudogene is any gene selected from the group 
consisting of the cytochrome P450 family, human leukocyte histocompatibility antigens, and platelet alioantigens. 

7. The method of claim 1 , wherein the polymorphism is a single nucleotide polymorphism. 

8. The method of claim 1 , wherein the target nucleotide sequence is selected from the nucleotide sequences of genes 
from any pathogenic virus or pathogenic microorganism selected from the group consisting of hepatitis C virus, 
influenza virus, malaria, and Helicobacter pylori. 

9. The method of claim 1 , wherein the incubation of step (1 ) is performed in the presence of a melting temperature 
regulator. 

10. The method of claim 9, wherein the melting temperature, regulator is at least one of the compound selected from 
the group of betaine, proline, and dimethylsulfoxide. 

11. The method of claim 1, wherein the nucleic acid sample is double stranded. 

12. The method of claim 1 . wherein the method is carried out in the presence of a nucleic acid detector to detect the 
presence of a mutation and/or polymorphism based on a change in the signal of the detector. 

13. The method of claim 1 , wherein a nucleotide sequence derived from the same organism as the organism for which 
a mutation and/or polymorphism is to be detected, and which sequence is confessed to include no mutation and/ 
or polymorphism, is used as an internal standard, and the presence of a mutation and/or polymorphism is detected 
by comparing the amounts of synthesized products obtained using the nucleotide sequences as templates. 

14. The method of claim 1, additionally comprising: 

(h) a first loop primer, wherein the first loop primer provides a origin for complementary strand synthesis be- 
tween a region originating from the first primer in the elongation product of the first primer and said arbitrary 
region for the first primer; and/or 

(i) a second loop primer, wherein the second loop primer provides a origin for complementary strand synthesis 
between a region originating from the second primer in the elongation product of the second primer and said 
arbitrary region for the second primer. 

15. The method of claim 1, when the nucleotide sequence that comprises said specific region is not the predicted 
nucleotide sequence, a mismatch occurs during annealing to the specific region or the complementary strand 
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thereof in the second to the forth nucleotide from the 3'-end of the complementary strand which is synthesized 
using the nucleotide sequence arranged on the 5'-end of the first primer and/or second primer as the template. 

16. A kit for detecting a mutation and/or polymorphism of a specific region in a target nucleotide sequence comprising 
the following elements (i) - (iv), wherein a nucleotide sequence arranged on at least one of the 5'-ends of a second 
and first primer contains a nucleotide sequence complementary to the predicted nucleotide sequence of said spe- 
cific region or the complementary strand thereof, further wherein the complementary strand, that is synthesized 
using the nucleotide sequence arranged on this 5*-end as the template and functions as the origin of complementary 
strand synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complemen- 
tary strand synthesis and when the nucleotide sequence that contains the specific region is not a predicted one: 

I) a second primer, wherein the d'-end of the second primer anneals to the 3*-side region of one of said target 
nucleotide sequence strands, and the 5'-side of the second primer includes a nucleotide sequence comple- 
mentary to the predicted nucleotide sequence that constitutes a region on the product of the complementary 
strand synthesis reaction that uses this primer as the origin; 

ii) a first primer, wherein the 3'-end of the first primer anneals to the 3'-side region of the other said target 
nucleotide sequence strand, and the 5'-slde of the first primer includes a nucleotide sequence complementary 
to the predicted nucleotide sequence that contains a region on the product of the complementary strand syn- 
thesis reaction that uses the primer as the origin; 

iii) a DNA polymerase catalyzing complementary strand synthesis which includes a strand displacement; and 

iv) nucleotide substrates. 

17. The kit of claim 16 additionally comprising the following elements: 

25 v) a third primer that serves as the origin of the complementary strand synthesis by annealing to the 3*-side 

of the first primer annealing region in the template; and 

vi) a fourth primer that serves as the origin of the complementary strand synthesis by annealing to the 3'-side 
of the second primer annealing region in the template. 

30 18. The kit of claim 16 additionally comprising the elements of: 

vii) a fifth primer amplifying an internal standard, wherein the 3'-end of the fifth primer anneals to the 3'-side 
region of one of the target nucleotkle sequence strands of an internal standard, and the 5'-side of the fifth 
primer includes a nucleotide sequence complementary to a nucleotide sequence that contains an arbitrary 
region of a product of the complementary strand synthesis reaction that uses the primer as the origin; and 
iix) a sixth primer amplifying an internal standard, wherein the 3'-end of the sixth primer anneals to the 3 -side - 
region of one of the target nucleotide sequence strands of an intemal standard, and the 5'-side of the sixth 
primer includes a nucleotide sequence complementary to the nucleotide sequence that contains a region of 
a product of the complementary strand synthesis reaction that uses the primer as the origin. 

19. The kit of claim 18 additk)nally comprising the elements of: 

ix) a seventh primer that serves as the origin of the complementary strand synthesis by annealing to the 3*- 
side of the sixth primer annealing region in the template; and 
^5 x) a eighth primer that serves as the origin of the complementary strand synthesis by annealing to the 3 -side 

of the sixth primer annealing region in the template. 

20. A method for detecting mutations and/or polymorphisms in a specific region of a target nucleotide sequence, 
wherein the nucleotide sequence arranged on at least one of the 5'-ends of a second and first primer contains a 

so nucleotide sequence that is complementary to the predicted nucleotide sequence of said specific region or the 

complementary strand thereof, and wherein the complementary strand, that is synthesized using the nucleotide 
sequence arranged on the 5'-end as the template and functions as the origin of complementary strand synthesis 
by annealing to the specific region or the complementary strand thereof, inhibits the complementary strand syn- 
thesis when the nucleotide sequence that contains the specific region is not a predicted one, which method com- 

S5 prises the steps of: 

a) annealing a first primer to a target nucleotide sequence to carry out a complementary strand synthesis 
reaction using the primer as the origin, wherein the 3'-end of the first primer anneals to a 3'-side region of one 
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of sard target nucleotide sequence strands, and the 5'-side of the first primer includes a nucleotide sequence 
complementary to the predicted nucleotide sequence that contains a region on the product of the complemen- 
tary strand synthesis reaction that uses the primer as the origin; 

b) putting the region, to be annealed with the second primer, in the elongation product of the first primer 
synthesized in step a) into a state allowing base pairing of the region to the second primer, annealing them 
to. synthesize the complementary strand, using the elongation product of the first primer as a template; wherein 
the 3'-end of the second primer anneals to the 3'-side region of the other said target nucleotide sequence 

strand, and the 5 -side of the second primer includes a nucleotide sequence complementary to the predicted 
nucleotide sequence that contains a region on the product of the complementary strand synthesis reaction 
that uses the primer as the origin; 

c) carrying out a complementary strand synthesis using the elongation product of the second primer itself as 
a template by annealing the '3 -end of the product with said predicted nucleotide sequence to the first primer 
in said elongation product; 

d) carrying out a complementary strand synthesis using the complementary strand synthesized in step c) itself 
as a template by annealing the 3*-end of the complementary strand synthesized in step c) with said predicted 
nucleotide sequence to the second primer in said elongation product; and 

e) correlating the amount of synthesized product obtained using the second primer as the origin with the 
presence of a mutation and/or polymorphism in the specific region. 

The method of claim 20. wherein step b) comprises a step of converting the elongation product of the first primer 
to a single strand by displacement, which displacement is conducted by a complementary strand synthesis reaction 
using the third primer that uses the 3*-side of the region annealing to the first primer in the template as the origin. 

The method of claim 20, wherein step c) comprises a step of converting the elongation product of the second 
primer to a single strand by displacement, which displacement is conducted by a complementary strand synthesis 
reaction using the fourth primer that uses the 3'-side of the region annealing to the second primer in the template 
as the origin. 

The method of claim 20, wherein the nucleotide sequence arranged on at least one of the 5'-ends of a second and 
first primer contains a nucleotide sequence that is complementary to the predicted nucleotide sequence of said 
specific region or to the complementary strand thereof, and wherein the complementary strand, that is synthesized 
using the nucleotide sequence arranged on the 5'-end as the template and functions as the origin of complementary 
strand synthesis by annealing to a specific region or the complementary strand thereof, inhibits the complementary 
strand synthesis when the nucleotide sequence that contains the specific region is not a predicted one, which 
method additionally comprises the steps of: 

1 ) carrying out the complementary strand synthesis reaction of step (c) in the method of claim 20 by forming 
a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 3*-end of the 
first primer, by annealing the 3'-end and the predicted nucleotide sequence within the elongation product of 
the second primer, and using the 3'-end of itself as the origin for the complementary strand synthesis; 

2) annealing the first primer to the loop forming region, and carrying out complementary strand synthesis using 
the first primer as the origin with DNA polymerase catalyzing complementary strand synthesis which includes 
a strand displacement; 

3) displacing the product elongated from its own 3'-end by a complementary strand synthesis reaction using 
a primer, that anneals to the loop forming region as the origin, to enable base pairing of the 3'-end and said 
predicted nucleotide sequence again; 

4) forming a single stranded nucleic acid by displacing the complementary strand synthesized using the loop 
forming region as the origin by annealing the 3'-end, that was put in a state to form a base pair In step 3), to 
said predicted nucleotide sequence as the origin of the complementary strand synthesis to carry out a com- 
plementary strand synthesis reaction which uses itself as the template; 

5) forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 3- 
end of the second primer, by annealing the 3'-end and said predicted nucleotide sequence for the second 
primer, and by complementary strand synthesis; 

6) annealing the second primer to the loop forming region, and carrying out a complementary strand synthesis 
using the second primer as the origin by DNA polymerase catalyzing complementary strand synthesis including 
a strand displacement; 

7) repeating steps 3) to 6); and 

8) following step 7) and/or in parallel with step 7), detecting the formation of a single stranded nucleic acid, in 
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which the target nucleotide sequence and the complementary strand thereof are repeatedly linked, and cor- 
relating the amount of formation with a mutation and/or polymorphism. 

24. The method of ctaim 23. additionally comprising the steps of: 

9) carrying out the complementary strand synthesis reaction using the single stranded nucleic acid formed in 
step 4) as the template by annealing the 3*-end thereof to said predicted nucleotide sequence for the second 
primer, forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to 
the 3'-end of the second primer, and using the 3'-end. of itself as the origin for the complementary strand 
synthesis; 

10) annealing the second primer to the loop forming region, which region was formed by annealing the 3'-end 
with its own said specific region, and carrying out complementary strand synthesis using the second primer 
as the origin by DNA polymerase catalyzing complementary strand synthesis which includes a strand dis- 
placement; 

11 ) displacing the product elongated from its own 3'-end by a complementary strand synthesis reaction using 
a primer, that anneals to the loop fomning region as the origin, to enable base pairing of the 3*-end and said 
predicted nucleotide sequence again; 

12) forming a single stranded nucleic acid by displacing the complementary strand synthesized using the loop 
forming region as the origin by annealing the 3'-end, that was put in a state to form a base pair in step 11 ), to 
said predicted nucleotide sequence as the origin of complementary strand synthesis to carry out a comple- 
mentary strand synthesis reaction which uses itself as the template; 

13) fonming a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 
3'-end of the first primer, by annealing of the 3*-end and said predicted nucleotide sequence and carrying out 
complementary strand synthesis; 

14) annealing the first primer to the loop forming region, and carrying out a complementary strand synthesis « 
using the first primer as the origin by DNA polymerase catalyzing complementary strand synthesis which 
includes strand displacement; 

15) repeating steps 11) to 14); and 

16) following step 1 5) and/or in parallel with step 1 5). detecting the formation of a single stranded nucleic acid, 
in which the target nucleotide sequence and the complementary strand thereof are repeatedly linked, and 
correlating the amount of formation with a mutatk>n and/or polymorphism. 

25. The method of claim 24, additbnatly comprising the step of: 

17) forming a loop forming region, that forms a base pair with a nucleotide sequence complementary to the 
3'-end of the first primer, by annealing the 3'-end of the single stranded nucleic acid formed in step 12) with 
said predicted nucleic acid sequence on itself, and carrying out a complementary strand synthesis reaction 
using the 3'-end of itself as the origin and itself as the template. 

26. The method of daim 20. wherein the nucleotide sequence arranged on the 5'-end of both of the second primer 
and first primer contains a nucleotide sequence complementary to the predicted nucleotkfe sequence of said spe- 
cific region or the complementary strand thereof, and wherein the complementary strand, that is synthesized using 
the nucleotide sequence arranged on the 5*-end as the template and functions as the origin of complementary 
strand synthesis by annealing to the specific region or the complementary strand thereof, inhibits the complemen- 
tary strand synthesis when the nucleotide sequence that contains the specific region is not a predicted one. 
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Figure 1 
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Figure 2 
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Figure 6 
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Figure 7 
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Figure 11 
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Figure. 16 
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